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following experiments were undertaken by the writer in the win- A 

1878, primarily to test the correctness, especially in respect to 

_ initial friction at low velocities, of a series of other tests of rolling stock oR <a _ 

resistances, made in a totally different manner, on the Lake Shore and 
Michigan Southern Railway, under the direction of Charles Paine, Member 

and ex-President of the Society, who kindly furnished the writer all ne- & ad 

essary facilities. A report of these tests was published in the Transac- eee  - 3 

of the Society for February, 1879, but it may be repeated here that 
the mode of test was by what may be called the gravity or ‘drop test,” a 


cars from a of rest down a known grade and deducing the 
= from the ve velocity ne acquired. By the aid of appropriate elec- 


“records were which were easily ily read to to oni hundredths ‘of 
> second, with a probable ¢ error of one or two hundredths of a second ; and 
_ the probable error in | computation was thus reduced to 


margin—certainly less thn 0. od pound per ton of resistance. As the 
number of tests made w was also gr great, so as to constitute an n effective check 


tions of the niin, , and from the then suppose ed law 
= and direct mode of test seemed desiabe as evi- 
‘= A further motive for m making g them was the dissatisfaction of Mr. _ 
‘Higley, inventor of the Higley roller-journal bearing, in 
on cars, and then under test on the Lake 4 
Shore and Michigan Southern ‘Railway, who was disappointed at the s 


5 i ‘small advantage sh shown f for his patent i in the the drop te: tests, and _ a q 


11 11) stations, and t that the passage of each wheel in the car ~ 

train undergoing test over r each station left its ‘record on the seven | tape 

ch, alongside « of the record of a a pendulum beating seconds, ” pendulum 


being wi used because it had been found impossible to to give an absolutely 


uniform feed to ‘the ‘tape. In this manner, data for computing resist- 


fry ances in each | test for 15 to 20 different and gradually i increasing velocities 
. Were obtained, and at the lower velocities especially the data were omaee 


oat Constant cooupation with other duties has prevented the writer here- 
tofore from making ony formal o the result of the 


he us is chown with ‘clearness i in Fig. 1 is 


= 
im 
— 
| 
— 
— 
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| placed in an ordinary lathe, having as great a variety of 
— speeds as possible. The testing apparatus, as actually constructed, my 


By 


_ nishing the necessary resistance to the action of the levers and throwing — = 
_ the same load upon the lower brass B as is imposed by the levers directly 
a ~ on the upper brass by transmission through the pin D, the latter being — a 
passed through a hole in the beam C. The pressure was transmitted to 4 = os 
_ both the upper and the lower brass by suitable iron blocks (shown i a 


gut directly above and below the brasses), representing as nearly as might 


» 
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ofan oak beam, C, about 4” in size, and about 5 feet long, 
the compound lever, L L', each of which multiplies the load ap- | 
about 11 times, or, in the aggregate, 125 times. The yoke en- 
circles the axle and bears against the brass B underneath it,thus fur- 
he ordinary form of the top of aj 
the ordinary form of the top of aj 
— 
ae 
| 
—— 
q 
us constructed, it will be seen that the entire apparatus (when 4 
_ 


in n unstable equilibrium on the axle 4 and opposes no 
motion in either direction, except such as arises from friction. very” 
heavy lo load “may be be thrown on the bearings, v viz. , 6000 pounds 


pounds on on each Dearing) every pour pounds of load, W te 


lathe-centres is the e dead weight of the apparatus itself. pt 

‘The load thrown 1 upon the bea dies by this 0 

dead weight of the “entire apparatus, ineluding | both th brasses, th 
x 


weights 1 W, and all intermediate parts; w ch reste entirely on on the upper 
‘= a brass B; (2) the load thrown upon the pin D by the weight of the lev — 


themselves, which was determined by fixing the centre of gravity 


each lever J by balancing it upon a knife edge, and 
considering the weight of each to concentrate. cat its centre 0 


i gravity; and (3) the strain n produced on the levers ~~ the addition of the a 


These last strains, (3 ) and ( ), produce an ‘reaction agninst 


then upper brass (through the pin and the lower brass. (through 
whereas the dead lead weight « of the apparatus, although | likewise q 


transmitted through lovers to the pin Produces no ‘reaction 


how both the dead weight of aload W, the same weight W as 
by can the upper brass byt transmission : 


the same levers to the same } pin D and brass B, as they , plainly do, ~~ 


a ane in the one case produce an « equal reaction against the lower brass, 
ae and in the other not ; but the reason will be clear if we conceive pe 
levers to be blocked to be inoperative, centre of gravity 
of th the entire apparatus (after having been balanced by the 


eounterpoise H)i is directly above the pin D, and Produces strain upon 


= a the upper brass only. “a By removal of the blocking the conditions so 3 
respects dead weight are in ‘no ws way y changed, but the additiona strain 


caused by the leverage i is added to that heretofore transmitted through 
‘the pin D, and this latter ‘reaction, against ‘the ower 


By this arrangement the upon two brasses is never ex- q 


actly equal, that or on the brass being in by 2 


4 
Be 
—— 
4 
— 
4 journal section. Under the 


heavier load, 


brasses and dividing it by 2 for the p 


i When the as Ai is | caused to revolve, the lever Cis! is held stationary 


a by the platform scale, and it is obvious that the pr pressure sure produced upon upon ee Pa 


the scale furnishes an exact and direct measure of the journal fr friction. 


t ™ found in penation that this essure, val y 
pounds with the proportions s actually a adopted, could be weighed with wile 


much delicacy a and ease as if it were & material substance resting upo 


v 


d so very tittle that the of the scale would 


sometimes vibrate slowly and gently between | the guards (sometimes es 


; ouching the yee one and again returning to the lower, but for the 
most pal part touching neither) for 10 or 15 minutes at atime. | On the 
other hand, when the brass was growing hot, by continuing | the test for — 

a considerable time, the friction would continue to increase 80 that the Pe 


scale-weight hi had to be continually 1 moved ; but the change v was never so as 


rapid but that it could be easily followed and studied with the scale, 


with an n absolute that atthe friction n existing fo for the moment w was 


no close results as to its p precise effect were at 


Considerable the tests was experienced from a 


ency to heat, it is believed, , to the crude form in which 
difficulty which it be 


easy r to correct’ had opportunity favored to construct @ more carefully 


"proportioned ar and permanent apparatus ; but, as the plan of the tests 
conteniplated o only ali limited range for for a single specific purpose, and nd also 
the conditions should be such: as actually obtain in 


to grow hot t they 1 were removed, and the ‘effect tried | of simply 
cooling them with water, as in railroad service (although nemawbibe more 
arefully). - On re replacing them it would often be found that they would 


cool for hours during an an entire. ‘Series of of tests, after warming a 
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r, this error is so far below other causes modifying 
nO error of any moment in taking the entire 
— 
— — 
— 
— 
1c 
§ ‘the platform of the scale. Under a given load and speed of journa. — 
— 
4 
4 
— 
= 5 ture was found to be a very great one, as will appearinthe summary of #7 
results, but in the absence of arrangements for accurately determining the 
— 
tempted 
= 
— 
FOad service, this was not found necessary 1en 1e bearings began 
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F, which sooms 


‘upon use of a scale, -orsome tevin weighing 
iZ the strains, in en the ‘measurement of the strains is as nearly as ma 


—_ absolutely statical, no motion of the bearing whatever being neces: 


in order to  exprens a variation of friction. tt was at first attempted t to 

i ee use spring scales to measure the f riction, with the idea that va variations of ‘> 
“friction could be more delicately and readily read. The vibration which 
o would almost instantly set up, scomed to indicate quick and great irre a 3 


ularities of ' friction, and absolutely forbade any aseful indications from 
~ ie the readings. A heavy, constant weight was then added to the | scale, in 


we order to oppose by its inertia any too rapid vibrations. Checks of va- 

rious kinds to restrain the vibration within limits, and also extra stiff 
springs, with with a multiplying indicator to give ‘delicacy of reading, were 


tried ; but all all ll such were found absolutely ‘useless, until 


‘thetrial of the platform scale, as a last resort, furnished a complete 


remedy for the difficulty. Even with tha platform scale, an infinit 
=a motion of the entire apparatus must take plese to cause the beam of the >. 
i scale to vibrate, but this motion is so o exceedingly 1 minute that it at least 
te had the effect to reduce the irregular. ‘changes to 80 small an amount as 


to indicate ‘that the variations then existing would not have ‘been suffi- 


to cause such violent vibrations as had previously ‘occurred, thus 


icating t! that the latter must furnish in the main their own cause. » ‘The : 


well- known pendulum testing machine, » designed by Prof. R.H. H. Thurs- 
ton, from which such excellent w work has obtained, does not seem 


to be affected by anys such | difficulty, at least at the high speeds at at which 


t is used, ed, although i it relies sok ‘upon ‘the motion a of the bearing in 


portant which will t ‘spoken below, di do ‘not with 


ible (ana 


“cations of an ‘apparatus tay. relied on a time 


rapid variations of co-efficient are known | to 0 be taking ‘Place, 


. 


y registering an in- 
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crease of ines os which must also do work by iting a 
causing a motion of the bearings, before it can express itself. static. 
ia ‘ally upon | the indicator, a disturbing influence is introduced which — 


may have : a serious ‘modifying « effect upon the resulting coefficient, when 


‘the latter is momentarily varying, 2 as in stopping or starting— an 

_ effect which may not only prevent a precise expression of the coefficient — 

actually exists, bat which might aleo the coeflicient itself. 


ings attached ta to: a heavy y pendulum, which they monet t lift t before indicat- 
ing friction, and bearings attached to a beam pressing upon a spring 


‘seale, to which a heavy weight is attached to resist erratic motions by a 


ned resist erratic motions 
its inertia, are, so far as the writer can perceive, under equivalent me- ie 


‘chanical conditions ; yet experience > shows that the one W rks thoroughly 


- well under high and regular speeds, while the other will not. 
In the ‘|pparatus shown i in Fig. 1, iti plain that the lover may be 
of any length, and that if it be made 2, 3 or 4 times as long as the ra 


of car-w -wheel, measuring from centre of axle A, Ge resistance 


(2 bearings) bearing a similar load. The shorter the lever, 
will be be the pressure on the scale. In the in n ques 


To determine from these resistances the ‘coeflicient of friction 0, 


be with an axle I and wheel D inches diameter, we have : 


= for a 3,’, journal. 


q 

a It has bere in this paper to deal with r 


instead of f the of friction, for reasons 


> 
= Nat theoretical Teasoning alone pom the fact that 
— 
— 
= 
| 
: 
a q = 
4 — 
Or, conversely, to determine 
— 
@ 
in view in the experiments. 


The coefiicient proper is a minute decimal, compte no impres-— 


) the mind i in itself, whereas | resistances per ton are ——- that 


ineers are a already familiar r with, and being express 


and in integral al numbers, the mind much 
their relations to each other. 
_ For tl the same reasons, the velocities here spoken of fare miles es per il 
‘twain in speed. Multiplying the velocities given by 9 gives, very ap- 
proximately, the journal speed in feet per minute. 
Zs ee | the comparisons which follow, with various experiments the ap 
x ‘proximate formula, R = = 200 e has been used ‘to convert the recorded 


i. efficients into ) pounds p per ton. . This i is only correct when the diameter of . 
a railroad journal i is 1 10 times the diameter of the wheel. In general, atthe | 
* present time, it ranges from less than 9 to 9.6 times, the latter having 2 


‘been the ratio in the present test ; so that the us use , of the ‘approximate 
ie formula for r converting ec co- -efficients obtained by: others into pounds pert ton 


gives a result, about 4 per cent. too small. Inv view of the fact, however, 
a - that these results differ 300 to 400 per cent. cent. from each | other, r, in many 


which s seem | entitle them to | credit, 


The apparatus heretofore ‘described is, when ‘Properly y constructed, 


= 
be lieved to Possess every -y important ‘advantage | of the various s testing 


: ane use, with some peculiarly its own. It is very light ond 


cheap ; the a actual weights to be handled are very sm small, 80 that they are 
changed, and but little strain is produced on the machine ; itcan 
be used in any 0 ordinary lathe and with an ordinary platform seale, 


5 enough varieties as of which can be obtained without special construction 


4 
to satisfy ey every requirement ; it i is positive in its action throughout, and. 


. no d delicate te computation an and construction of scales is necessary for its 


: “use and it admits of any desired delicacy of readings by the ‘simple ay a 


' mn of more delicate scales. . ‘The common \ platform s scale of the 
shop wi where the’ tests were made was deemed sufficient i in this instance, a 


 ginee the » stresses actually weighed ranged 80 high that the e error of ob- 


e& servation from lack of delicacy i in the scales could rarely exceed a frac- 


— 
— q 
— 
a 
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— 
a 
| 
8 
| 
— 
— 8 (| 
= 
shown in Fig. wou 
"Modifications of the design ded investigation. 
— — ine for a more thorough and extended investigat 


The —_ Cs should be of i iron, with the yoke E and the faleram wets 


ings near and on part | thereof. The 1 pin should be 


slotted | block an the the diagram at at the: side and 


the same | gecko as the nut F in Fig. 1, viz. 1 to take u up the 
= spring of the levers and other parts of the © spperatus under rvary- 
loads W. In the apparatus as constructed, with the main beam of 


wood, this a ‘adjustment was a was a serious ar annoyance and required constant 


ander “7 circumstances, and hence the fulerum near F should be 


weights W should be carried bya suspension yoke underneath 


ale, an and entirely out of the way, instead of being superimposed 
upon the e extremity y of the » levers. The w weights, s, when not in n use, , should a 


= counterpoise 2 H will, in any case, b 
to avoid 1 unnecessary delicacy of construction. Al earings 


i ‘should, of course, be knife-edged i in the e usual ‘manner. Lubrication by 
_ pad of waste or felt, or by an oil bath, ‘if desired, is very easily pro- 


“vided for, by attachments unnecessary to describe. In the present 2 


%, ‘series of tests a simple pa pad of waste on each side of the journal was used, 
Which was as kept constantly si saturated with West Virginia mineral oil by 
ppl: ‘This wa wes considered to fairly reproduce the conditions 
of ordinary railroad practice, ‘and no more ; as was throughout the pur- 
pose of t the tests. ' The best scale for the purpose i is the compound form a 
- with double beam, one for heavy welghte and the other for minor ae 


journal ‘used was £7, giving an area of f section of 24. 24.05 


‘Square inches. The levers, brasses and axle were kindly loaned for the pur- 
inten of the test by Mr. J. Withycombe, Division Master Car-builder of Pi: 


the Lake Shore and Michigan Southern n Railway, and were parts of an oil- 
a testing machine designed by him, known as the es Centennial Oil- -Tester,” 
indicates comparative co-efficients 0 of only, a1 and not 


rat the slow sp 


= 
n every change of load. M 
ore or less of this must be expected a - ¥ 
a 
a 
— 
“4 
— 
q 
— 
a 
4 
— 
— 
— 
— 
eed used. T — 
eed used. The effect of — 
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of manual for force. It w was found possible to do this in great degree, atti 


it was s generally found to have a slight beneficial effect upon m the co-efl 
: a4 cient, but only slight ; especial pains: was at ‘at all times ta taken to have the = 
journal well lubricated before beginning each test. journals 


Le ‘brasses w were fairly w well polished by yy use up to their av average condition in 


tests made in I herewith, and gr phically in 


and alone. one of these it was designed to 0 test a number of 


aD is times at all the speeds which the lathe used admitted of, but the table ¢ fs, 


a will s show that it it did not prove possible to do this in the limited time at 
the writer’s disposal, The tests made « on several different days ont 


at ordinary shop temperature, , and w Ww vhenever a bearing heated above 
a 150° F. the tests were e suspended and the bearings cooled, since no means 


had been provided for. accurate measure of temperature. Each test, at 
any given epecd and load, was heeepeunes for from 5 to even 80 minutes, 


‘< ings w were retained as nearly as might beat the same temperature by wait- 4 


a interval bebween each test. During a test the resistance 


rould generally Ainetuate, gently, tr from 10 er cent. to some- 


wards taken. 
"This change was vas considered normal, anda arose se from no no 


the fluctuations were greater | than | this they wore generally very 


‘much Several: series of 


They gave results in the 


f-aeyeqen to those shown in the table, which, except as as noted, are he 
lieved to have been taken equal conditions as to 


re 


— — 
| 
| 
ne bearings were hot the tests were shorter the hese. 
= 
4 
tests were taken un anal, 
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= Resulis 0 fferences of lubrication 
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res. fis 


Comparative result of Prof. R. Thurston’s tests with sperm 
oil and Mr. Beauchamp Tower's tests s with sperm bath; - the =" 


"Tower s tests agree almost precisely, with sperm rm oil, at 90° temperature 

a, and 100 Ibs. per sq. in., increasing the } pressure to 200 Ibs. y pe 
caused a marked increase of co-efficient tests an 


equally marked decrease in Tower's tests. ) 


_ Depvctioxs FROM THE TEstTs. 


‘those previously the writer on railroad. _rolling-st ~stock by | the 
"gravity met method, as elsewhere to; with ‘the very” complete : 


thorough investigations of Professor R. H. Thurston, M. Am. Soe 
C E., as set forth in his treatise on the subject,* * and also with 


Lo * Friction and Lubrication Determinations of the Laws and Co-efficients of Friction by 2 


"New Methods and with New Apparatus. By Robt. H. ae M. Am. Soc. C. E., New York. 


4 
— 
— 
tt 
a — 
— 
— 
— 
— 
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| 


= ‘The discrepancies between these two thorough and carefulinvestiga- — 


ion with the much less extended tests of the write r, which, as ee 


— 


be 


oTION. 


4 pended dead load was the tes we it was ‘desired to 
throw upon the bearing, instead of using as in Prof. 
"apparatus, or leverage, as in the writer’s 


tions are even more instructive than their coincidences, Draenei for 


rule, show a higher co- efficient of friction than either Mr. a 
Tower" 8 was not touch at all on one of the 


The writer's observations under this head were 
plete, and the « conclusions reached were as follows: 


pi: 1 “Friction at very low journal speeds of 0+ is abnormally great, be. 
a and more nearly | constant than any other element of friction, under vary- 


conditions s of lubrication, load and temperature. It varies from 1 18 


3 to 24 pounds p per ton (co efficient, .09 to 12) for loads of - from 30 ‘to — 


pounds per square e inch. Within th those limits it is is not greatly 


abnormal increase of is oven to the velocity 


tin 
returnin ng to 
the same rate , ba 
u 


of lubri 


3. At velocities than 04,1 but still same 


+ is increased, ‘but is is constantly more ar and more affected — differences of et 


obtains. ‘The co- -efficient falls very slowly a and regularly as velocity 


— 
— 
by Mr. Beauchamp Tower, under the auspices of the Institution of 

3 
3 

— 
| 
a 
— 

= 
| 
rring exceptionally slight variations, probably due to 
ion and temperature. It is not appreciably affected 
= urnal may be just starting into motion, or is just 
coming to rest, or is temporarily reduced to a velocity of 0 + during con- 
— 
— 
— 
ug *The figures used by the writer were taken from the Report in “‘The Engineer” for March ig 
— 


A very excess of initial friction proper (varying from & 
pound to 2 pounds) « could generally (but ‘not always) be observed over 
that which continued to. exist at the nearest est approach to a ‘strictly 
infinitesimal velocity. which it was possible to obtain, This difference 
: was, ascribed solely to the fact that the lowest continuous 


clue 
sion drawn that— 


There is no such henomenon in friction asa ti 
rest, ora fr iction of quiescence, in distinction from (ine, differing in 
ae amount from) friction of motion at slow velocities, and due to the fact a 


Ka 


the use of ach a term, although con-— 


= ence. The fact t that eens of rest, as such, appears ‘ to exist, , isd due 

es solely to the fact that no journal or or other solid body can be instantly 

‘set into rapid motion by any force, how wever great. There r must be ‘a cer- 


appreciable of of time e during the is infinitesimal 


ke 


ie This interesting fact, which is believed to eB been here observed 


r the time (no other ‘apparatus being known to have been used 
atin for determining it), was determined with great completeness by < 
tests. ery sl slow w motion could be produced at any time by 


volving the driving pulley of | the > lathe by hand when geared for a slow: 
speed. ith a little « experience, the weight or on the: acale- beam could be 
ep placed in advance at a point which h would be a trifle less than the ‘initial — 


ih friction proper, and | (when ‘Properly Placed) it would barely lift when 


first began, and then have to be moved back a. a notch or two only, 


to weigh the friction which h continued to exist indefinitely. Similarly, 


a when a test at ‘comparatively high sp speed was about to be concluded, the 
scale. weight would be placed to measure the same pressure, Or little 


always f found to indicate in ‘stop: 4 
ping substantially ‘the as same as in starting. ‘The same test was 

‘ee made by interrupting tests 5 at speed, so as to give a continuous motion, a 


to sudden nly reduce the speed | to 0+. . Thes tests were 


and again, with practically identical results. 
Comparing these results with others, rs, they agree 

esults of his ana tests, as 


ru" 


— 
| 
3 
vied 
— 
cod 


late tests by M Mr. ‘Beauchamp Tower is is that “‘ initial friction was ey 
- about twice as great as the friction i in n motion,” indicating that the he matter 


“could not have been made a a subject of investigation. Nolows speeds n 
ow pressures at call, in fact, were tested in those experiments, ‘since they — Ape 
began at a journal speed corresponding t to 12 miles an hour, wi where the 


writer’s tests left off, and ‘gave n no pressures: less than 100 pounds p per 


is 
Initial” Journal Friction, 
Writer’s conclusions from journal tests, im 
wanes 


~ 


pale 


tion" page 175), Ww. Va. oils... 


Prof. R. H. Thurston’ (‘« Friction n and Lubrica- 


tion,” page 175), ‘sper to 28 
Prof. B. H. Thurston (** Friction and Lubrica- 


tion,” page 175), lard 


Kimball (Am. Jour. March, 1878, 
and L., page 22 


In addition, it x t may be noted that the writer — 


= 


i various tenes s that i in n ordinary service 1 no 
railroad cars can start ‘themselves from 
Test, nor can they, i in general, be started 
the use of much foree, on a grade 
cent. (= 14 ‘pounds per ton, 36 


per mile), but that they will generally 


aes not always) start of themselves 0 ona 


grade of 1.1 to 1.2 per cent. (= 
pounds per ton, 58 to 63 ft. per mile mile), in- 


 dicating an “initial” friction of. 
These results agree wonderfally with each ‘other, the averages 


‘Tunning 18, » 16, , 25, 20, 18, 254 and | per ton, the ofa all 
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- being 18, 0 to 25. 0 pounds per ton, or 20} pounds as the ¢ general average 


. the accelerating force of gravity on 8s 
t per mile) grade, and that being also t the ni 


grade, “ nonce railroad experience, upon which cars can be 
- to start off from a state of rest with little or no assistance, the c 
rectness of this co-efficient may be considered as well determined. * 


Butas as respects the friction of journals when re to rest, Prof. 


tion, ‘at the instant of ‘coming t to 


— 


* i likely to be well lubricated i in coming to rest, but the writer did not fi a 


it so, and | the point was tested so many times in 80 many different 1 way 


| ms a that he feels compelled | to believe that the discrepancy arises from the 


ay 


theoretical deficiency i in Prof. Thurston’ apparatus, before alluded to, 


for rapidly varying ‘and almost instantaneous changes of co- 
That such ac ‘resi ‘if it be called upon to do 


work, ‘dynamically, before i it can express itself statically upon the in- 


dex, cannot but introduce a sacra source of error, is made still: 
plainer if we remember the ree of this kind which was strictly i - 
stantaneous, however great, could not move the and hanes. 


Normat Co-EFFICIENT OF ‘Fatcrioy AT Onprvary 


Certain facts seem to be clear the various tests here 


at the character 3 of 


ee the oil, or even pressure and temperature, in n affecting the coefficient. 


oa * On a 0.7 per cent. grade (14 pounds per ton) the writer found it impossible in several ; 
instances for six men pushing, two with pinch-bars, to start two loaded box-cars into mo- — 
tion. In no single instance out of over sixty did cars start without some assistance. 
This indicates that a statement on page 14 of “‘ Friction and Lubrication;” ‘* The resistance r, 
in starting in pits * has for its measure }j of 1 per cent., or 8} pounds per ton Ss requires 
correction; being inconsistent indeed with experimental results given in the same volume. 

’ _ +“ Friction and Lubrication,” page 175. On page 209 it is stated that “it is nearly 

constant, and be at .03,”" equivalent to 6 pounds per ton. 


iD 
— 
| 
— 
be nearly constant instead 
“OF Varying considerably With the pressure, and to be equivalent to only 
4 pounds per ton, in some cases only 2 to 3 pounds per ton,+ in- 
. i | stead of 14 to 28 pounds per ton, as at the instant of starting. It onsale’ ; 2 
— 
— 
The first of these is th 
— 
— 


his very clear f from the diagrams (Figs. 2 to 6) ‘showing the various 


results. Mr. Tower ‘found ‘that lubrication by a bath ‘(whether barely 
ve touching the axle or almost surrounding it) was from ¢ six to ten times © 

more effective in 1 reducing friction than lubrication on by & a@ pad. ‘By! this 


; method of lubrication Mr. Tower succeeded i in ‘reducing the co- -efficient - 4 

ina a large number of tests to as low a @ point as | 001, equivalent to only _ a 
2 pound per ton of tractive resistance, and the general average in the 

bath tests, under all varieties of and is given as as only 00188. 7 


q 


on any heretofore reported, as s will, the following 


average of results; not consider the comparatively 


_ minor variations produced by ordina working differences i in tempera- 


Beauchamp baal oil. -278 Ibs. per ton. 


(gravity tests cars in service)... 


heavy 3.9 
a direct tests (as shown in Fig. 2). 
inferior oils (Fr. and Lub., p. 178)... 


“ 


ninor ones, are very instructive, as showing that the character of 
eation is the great cause of variation of co- -efficient. Thus, Thurston’s 


show almost a advantage i in sperm 


and 9 90° F, in creasing the load from 100° to 200 pounds 


square inch increases the co- efficient materially. On the other hand, 


r. Tow who almost p precisely w with Thurston n with perm at 90° 


— 
— 
a 
— 4 
= 
— 


| Other minor discrepancies of this kind might be pointed enti 


not, it is believed, to be: taken as indicating a a lack of either 
“care or correctness - otter experimenter, but simply as showing the 


on effect of minute differences in the condition of the lubri-_ 


hown in two — in Tower’ 


1. It was accidentally discovered that with bath lubrication the bear- 
is actually floated o on film of oil between the lubricated 


_ which i is so truly a fluid that it will rise through a hole in the top of the 


bearing i in a » continuoas | stream and exert a pressure against a gauge - 


- equal to: more than twice the square inch on the 


served amount was starting, as almost twice the nominal friction, 


q ‘ — by a strong tendency t to hawt and seize, even under a moderate 


a2) load. In the case of or one b Drnes which he had worked for a considerable time it 


almost disappeared.” Iti is with apparent justice ‘concluded 


after having been for some time time stroked i in one direction. 


In view ow of the variations of several hundred } per cont. ton, 


1, ‘That the lubrication of railroad journals is far more e imperfect then: 


a bath, ond equal e even to pad | lubrication, and that the oil i is 


= 2am. * The phenomenon thus observed has an interesting bearing, it may be noticed in pase 

: ae ing, upon a theory deduced by Dr. Charles B. Dudley, chemist of the Pennsylvania Railroad, a a 
Sig that the fibres of steel in the top of a rail head are in reality subjected to a bending =a i 
and it lends much support to his conclusion, that such tests ought, to 


— 
: tg Teasing the pressure to 200 pounds materially a 
the co-officiont The ax 
— 
— 
that the journal should be revo 
- Z. Lowers app was alwa 
—y =e on way and then the other. It was found that the friction went. 
a ; 
— 
— 
— 


y 


We 
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9, That ti 


nelude that the writers direct tests (Table 1 d Fig. 


may | be “taken at 5. 0 to 6. 0 pounds 5 per: ton with empty cars, and 3 3. 5 to 4 x 
pounds per ton with loaded « cars or heavy passenger cars, at the 


“velocity of minimum friction, which | appears to be from 10 to 15 m miles 


These results with the results obtained by the 


ity tests of ry 
“writer from gravity tests of cars in ordinary service; the the latter results 


giving | 0. 5 to 1. 1.0 per ton greater resistance, including rolling 


of 


FRicTion IN 


t exceeding 1 
per ton. . No ‘existing bearing this 


are known the writer, nor is it to see hows such ¢ can 


q 
tional resistance on railroads is principally rolling friction,” even 
that at ‘Speeds: axle” and flange friction probably bo 


a: based on any wae authority om: deductive 1 reasoning g from the low —s 
efficients of journal friction obtained in Professor Thurston’s 


ments, and it is confidently believed that they err in ‘making too sae 


allowance for the wide variations in journal friction which result from 


slight of conditions. Certainly ‘they are inconsistent, not 
Pe only with the x results of the writers tests, but also with a fact narrated 


in the same > volume st that the use of pure lard oil and the test of sperm 


railroad had the effect to increase the 


— 
— 
—— 
rior to such as are stated to have a 
bearings is and necessarily must be 1nfe 
nm amnioved in Thuraton’s an ower’s toate sooms roocon = ¥ 
— 
— JOURNAL FRICTION ONLY. — 
the preceding conchusions may be aces ted, the ro 
— 
= 
4 


7 
ON JOURNAL FRICTION. 


Bem ‘mined, and universally admitted, that the total rolling friction of on 
Service is only 4 to5 pounds p per ton, such a result could hardly be 

ceeded if the whole rolling friction, ‘both rail and journal, were wholly 

‘abolished, , instead of merely what Professor Thurston declares 

to be an insignificant element in the total. 

‘ue It also seems proper to note in this connection that no . theoretical 
Moss whatever e exists from the « compression of a perfectly elastic substance, — : 

uch a as a rail may be assumed to be, and toa ‘great extent the. entire 

‘permanent shale, under a rolling | load. ad. In Fig. 7, 

compression at any point, whatever it dunn At be, i is is proportional to or. fe 


line 


. to retard and to accelerate. The resultants, Ri and Ry, of these peralel 
4 ‘forces must pass through the centre re of gravity of these : semi- segments 


end F', and ‘must « each be equal ‘to half th the total load resting | on the 

wheel _ It follows clearly from the figure that the moments of these a 

celerating and retarding. forces are equal, so that they neutralize each 


x The tests made, under the auspices of the Institute of Mechanical En- : 


ost by Mr. Beauchamp Tower, gave co-efficients far lower than | any 


a - * It may be noted that it also follows from the figure that as the load upon each point — 
on the surface of the rail is in proportion to the compression, the maximum strain which 
falls upon the fibres at the center is almost exactly equal to } ee load = the oe 


| 


WELLIN( 
— 
— 
— 
& 
g 
Ii 
— 
is 
— 
— 


‘wma GTON on 0 NAL FRICTION. 


Mr. Dower that « o-efficients of friction, even i in ser- 


—— 


ice, must always ‘in “reality be more like .0035 than . 035,” or 0. 

: pounds per ton, instead of 7 pounds, would, if so sou und, almo nost destro 
he the credibility of the tests here recorded, by making doubtful fe 
4 journal friction of 4 to 6 Ibs. p per ton could exist for more than a 


moments without melting off the eaxle. The 2 argument, 


» possible fallacy (which it it seems essential to 


heat, and none lost i in doing work the molecular | cohesion 
Bon the iron and brass, or in producing chemical or or ‘molecular rchanges 


in the lubricant, so so that it does not take the form of an increase | of sen. 
temperature. It se seems probable fr¢ from the very facts by 

Mr. Tower, that | only 8 a fraction of the p power lost with the ordinary co- 


efficients of friction can n reasonably be accounted for as converted into’ 
heat ; ‘so tha that, if if so, the ar the argument f falls to the ) ground by proving too ee 


4 
Tower's 8 communication was as follows The Engineer,” April 4, 1884, u un 4 
fa Many people have expressed great astonishment at the extraordinary low co-efficients 
2 of friction given by the late experiments. In engineering text books the co-efficient of fric- " 
% tion for lubricated bearings is put down at between ys and 4, whereas our experiments 
Ra showed that it is between 5}, and shor and that by the most meager lubrication possible it 
Re a could not be reduced much below ,},. So that in round nuntbers the co-efficients given in 
a _ the text books are from 10 to 30 tinres too high. The heat which would be generated with, 
; “gay, a co-efficient of J», would besuch as to prevent such a bearing working, except at very _ 
low speeds, as will be shown by the following calculation : Suppose a bearing running with 
- @ surface velocity of 300 feet per minute, and loaded with a pressure of 500 pounds per 
«Square inch. Suppose a co-efficient of 4,; the amourt of work expended per square inch 
_ will be 50 x 300 = 15 000 foot-pounds per minute = 1166 units of heat per hour. Now, itis — 
Said that a square foot of surface of a locomotive fire-box will evaporate a cubic foot of 
ot Water per hour, which is equivalent to 416 units per square inch per hour, so that a co-effi- 
cient of friction vs gives 2.79 times the heat per unit of surface passing through the plates 
of a locomotive fire-box. A co-efficient of. - 03585 would, with a load of 500 oor and a 


_ When we consider the difference of temperature which causes this — of renee 
of heat in the locomotive fire-box, it seems probable that in order to obtain a similar rateof = 
transference of heat from the bearing to the surrounding air, something like the same differ-— o3 
ence of temperature would have to exist, or, in other words, the bearing would have to be Me 
ce ¥ near white-hot. Indeed, looking at the matter fiom this point of view, it seems difficult to a * 
9 ‘understand how a bearing can run with a co-efficient as high as y},. It probably could not nae f 
_if it was not that the square inch which we have been considering as connected to a mass cae ee : 
is -of metal exposing a great many square inches of surface to the air. The explanation of why — a 
bearings run without becoming red-hot, is to be found in the fact that the co-efficient ai 
friction is in reality more like .0035 than .035, and even then the heat generated must be ~ 
equal to the evaporation of 1.2 cubic inches of water per square inch of bearing per hour. 
19, Great George street, Westmiuster, S. W., April 2.” 


— 

—— 

— 

3 

é 

— 

— 


Mr. Tower takes the case : pressure of 500 per inch 
y (almost double usual railroad practice), anda a journal speed of 300 feet 
per minute (= about 34 miles | per hour, train speed), with a co-efficient of 4 of 
1 (20 pounds per ton, train resistance), ‘and he finds the work expended 
square inch will be 50 300=15 000 foot-pounds per minute, 1166 
; . U. per hour.’ * Iti is then advanced, that as a locomotive fire- box will 
only evaporate about 1 cubic foot | per square foot rp per hour, which is 
equivalent to 416 H. U. per square i inch per hi hour, » it fe follows that frie 


af tion, under such a oo -efficient, would generate 2. times heat 
Leet 


passes the per hour. This “being plainly i 
= is therefore that the co-efficient is in more like 


sired 


nearer 500 F. the « ‘conveyance nee of heat ‘away fro ay from this 
a thin surface is as 


of water, which is known to be able to convey away from such a 8 surface 3 


ig 
same me conditions. — 


then, under Mr. Tower's assumption, be as ; per hour a as ordi- 


a fire-b 300° to 350°: 

er: (2.) The brass and attached parts of the journal- box must oppose no 


more resistance t to the } passage of heat than the shell of a fire- box: 
medium for finally must be a as 


the equivalent of heat at ‘72 ft. -lbs. 


— 
= 
— 
— 
— 
— 
from 120 to ] tir as much rin th d under 
— 
4 as the violent circulation of water which exists inside a locomotive boiler x 
— 
— 
— 
— —— 


Sse the es is not ordinarily m much over one- -third janguntan as 300° to sie 


‘dred times less efficient than water for ‘conveying away ay heat, with 
equally rapid circulation. — Consequently, the amount of heat which can ca 


be dissipated from a journal-box is 3. x 3 x 100 = = 900 times less ‘than 


power lost i in frietion is is converted into hea heat w were the co-efficient 

journal not exceed .00004, or .008 


had Ge bearing h the advantage th the for 


“exterior a area of a standard journal-| -box (only a small portion of which, 
however, has direct metallic connection with the bearing), is about 500 
"square e inches, or or say 18 times the area of the brass. a After all allowances ty 


: assumed, « can be : accounted for as converted into sensible heat. 


© REsISTANCE or FREIGHT TRAINS IN Startins. 


a 


it will be seen in Table I and Fig. 2 that the eisai high co- co-effi- 1 


cient of fr riction at sta: ti ti es d the eriod of ettin up 
sie Ti ion star wating continues luring iod of ge 


following conclusions s may, it is , be drawn: 
resistance the beginning “of motion in each journal i is equal 


“(as before stated) to about 20 pounds say 15 per ton 


le one at a mee such trains as are » usually hauled could ‘not Hehe 
‘started at all by the locomotive. 


i 2 A velocity ad 0.5 to 3 miles per ‘hour, or, on a average, 2 miles — 


per mast be a attained before the friction falls to 10 pounds 


_ 
— 
— «x 
, the temperature of the insi 
_ 
= 
— 
= a 
a 
— 
— 
— 
im 


434 


i. 3. At 6 miles per hour t the journal friction i is at least 1 pound per ton 


higher then at | working speeds. The average journal friction 


er hour may be taken as at least 2, if not8 


Pounds per ton than n the normal. 
4 During | the period ot Up Som normal law of aces 


to have to run 


340 or a mile, to acquire a velocity of 101 miles 


The average vé vel 


at 4A 2. ‘The increased tractive force needed to accelerate velocity only 
will be 2 Rona per ton; since communicating that velocity i is equiva 


g the through 3.34 feet vert and =0. 10 


E 
on, 


P 
2 per t ton for acceleration, 


37 feet per r mile, : 
& a For the: next 1 336 feet the total demand t upon the tractive power - 
is ‘similarly found to be 4.5 to 5 pounds per | ton over the normal, equiva = 
ent to the effect of a 0.225 to 0.25 per cent. grade, or 12 to 13 feet per 


‘These grades, therefore, represent the the reduction a at stations or stop- 
ping Places which it is essential to “make to fully equalize the demands 
upon the tractive | power of locomotives s while i in motion and when get a 


ting under way. The fact that such heavy r reduction of grade at stations 4s : 


*It may be noted that this was very nearly the case in Messrs. Galton an Westing- 


8 tests of retardation brakes. “ ‘Railroad, by James 


ig 


at an liven po may vr 
the horizontal line of normal velocity in 
these facts. we | 
— 
— 
— 

— 

(Co 

— 

— 

4 
— 


“may be said never neil exist, while ye 
due, in part, to” the use of sand i in starting, in n part to th 


that the e full adhesion of the locomotive is not used | seal cn the. 


road. To utilize to the utmost the p< power of locomotives, s such ase, 


tions are believed to be the first t thing which ‘should be a attended to in 
laying out a new w road or in improving an one. 
or Temperature on Co- mo -Fricrton 


marked adverse influe nee upon friction at low velocities. — 


of exact 1 notes on the temperatures reached prevents any further ‘adden 


on than that, so far as they can be estimated, the results agree very 
closely with Prof. Thurston’s formula that the co-e -efficient increases 
_ the square of the increase of heat over 90° to 100° F. at speeds under 


Pic miles per hour. No tests were made above that speed to confirm 
Prof. Thurston’s deduction that at higher speeds the law changes. — 4 Mr. naa 


: % Tower’ s tests were nearly all made at a constant temperature of 90°, ond 
the effect of temperature does not seem to have been made a subject of lage 


Comparison of the obtained by the writer, by 


‘ 4 that the effect of of increased 10 load, within working limite, to very m ma- 
_ terially ‘diminish the co- o-efficient. ‘Mr. Tower, in fact, goes so far as to 


state, as one of the results of his tests, that it almost scomed at times as 


e load w was doubled. Bat it seems | plain, from a the ‘diagrams ¢ given 


tow co-efficients which he ‘obtained by his very perfect lubrication, 


4 ‘a ‘Tnapection of the diagrams will show that the general law of variation — 


a 
= — 
— 
— 
— 
— 
@ 
— — 
@ — 
— 
red per cent. 1n what may De ca 
— 
th solute 1088 Dy iriction was =. 
It is only true on account of the unpr 
. ___ herewith, that this resi 


we 


2, 3, 5 taken in connection, : seem to the 


The velocity 0 lowest is 10 15 5 miles per hour, 


a With less perfect lubrication, as with pad greater vel- 
; oe ocity is as apt to decrease as to increase the co-efficient (Figs. 8, 4 and 


a 6). The latter being more like the ordinary lubrication i in railroad ser-— 


may say, without sensible error, that the ¢ co- efficient of journal 


has been the assumption which all investigators of railroad 


‘q friction, to date, have been compelled to make, and it i is, in some re- | y 
ng spects, fortunate that it proves not far from t true. a a 


- ‘This ‘apparatus is shown in Fig. 8, and was also shown in in Fig. 
of the writer's paper "before referred to, ‘giving a report of his gravity 


- tests (see (see page 37, Trans. Am. Soc. C. E. , 1879). The results deduced 
direct tests herein described, as 


ows: 


shown in Ta Table com 


t 5 5M. per 10 to 20 ) do. 4 

direct tests, full 4.9 3.1@3 


gravity” 4.00 3. 
Bydire direct test tests, light lo load... 6. 4.8@4. 0 
‘The correspondence between these tests, made as as they were ere by such 
different methods, i is thought to be very close satisfactory. ry. These 
confirmed exactly the correctness of the writer’s previously 
stated conclusions, that the Higley bearing wa was nearly as efficient 


4) ek theory w would indicate i in ‘reducing initial fr friction, | but loses nearly all 


Higley bearing wa was and is now, in very extensive use use on 


street, cars, and was in use on several railroad cars at the time of. the — 


— 
— 
— 
view 
4 
— 
— 


L FRICTION. 


4 


— 
taken, which fully satisfied that gentleman’s doubts, as results could — 
seen with his own eyes, as weighed | upon scale, without having to 
the indirect (although, in fact, equally positive and valid) indice 
tions of computations based on variations of velocity of rolling stock. ; 
(/@@) <= 
— Mi 
— => z= 
— 
— 


“DISCUSSION ON JOURNAL FRICTION. 

DISCUSSION. 


H. Taursron, M. Am. Soc. C. E.—I find the paper of Mr. Wel 
lington ve very interesting and very instructive, and regret very much that 
? time time and | opportunity do do not offer for as careful a study and and as complete ; 


an examination of the facts conclusions embodied th therein 


apparatus described seems ton me t eto be ‘both ingenious and frost 


valuable. behavior of the scale-beam during its operation i is the 


_ best evidence tl that the machine is very | accurate and amply sensitive, 


ow which drove him to use the platform scale, is one which I can - fully y ap 


, 4 The experience of its designer, in the earliest stages of his work, = 


preciate, having had le similar experience. ‘I have for many years 


= the platform scale in connection with the Prony brake ! for the same eae ; 


— 


 asis here given—the annoying fluctuations and vibrations which are in 


separable from the w the use of aspring, and ¢ thei » inconvenience of working with ith 
weights in ina scale-pa -pan. Tf find that my 0 own n form o of machine for testing 


of the it inertia a of the This I find to a decided advantage, 
— much 1 80 that, although some of the, earlier designs of of this machine i in 
cluded the use of a spring, I have never adopted them for my own use 


aie It is wee that minute and sudden ities of friction s are not indicated, 


asis observed by Mr. bat, on the whole, I do not this 


‘if ever, arises, and ‘the : ‘steadiness of the machine for cothanty work is an 


‘ale ‘ “advantage o of such vastly great er moment that I should never think of 


sacrificing the the latter to thi the former. platform seale possesses the same 
a advantages ‘and the same « disadvantages, although I am not prepared to 


; 3-4 loses i in the other. On i the whole, Tam inclined to think that the sim- _ 
; plicity of the pendulum apparatus and its exactness, arising from the fact — 


‘say in the s same degree . Whatever either r gains in the one direction ee 


that there is absolutely 1 nothing between the point at which measures are ; 
: desired that at which ( the measures are read, to affect acourady, is an 


= advantage which could hardly be by the introduction of 


— 
— 

| 
4 
4 

— 
@ disadvantage ihe occasion ior noting such heeting quantities seiaom, 
4 
___ 
SS 


DISCUSSION ON AL FRICTION, 


Society, I think, and on these points will probably be 


tained by Mr. Wellington a and ‘other are to differences 0 


apparatus; I am very sure that they are usually y either due to differences 
methods of working o or of conditions, noted or unnoti ticed, or to the 


a mistake which nearly all investigators find themselves very liable to ie 


make—that of drawing general ‘conclusions from a too limited collection 


“of facts. In some cases the difference may arise fro from the error, on the’ 
part of of the investigator, of cupposing that the apparent and seemingly 


- obvious conditions are the real conditions. “This is especially liable to 


i uch experiments as those on friction of lubri- “a 
be the source of error in such experi ie 


cated surfaces, in which work it i is impossible to be at all nid sure e that a 
journsl is is in the same state a at an any two consecutive observations. 


feat will be f found in in n the we forms of 1 apparatus which a are ¢ here re- 


ferred toa and, although probably i in different degree, still to: such an an ex- 
a of testimony a as as to > general al laws controlling friction o of lubricated journals, 
Iam 1 pleased to see that the effect of end play of the journal was s ob- 


Be served. I have not been able to to see that it makes any practically ~~ — 


portant difference i in friction, #0 long as the lubrication is satisfactory; 


but I have found it a very useful a action in the prevention on of scoring ot 


= the surfaces, Ge ting of the and and i in the produc- 


now doubt that the at | low speed, ‘gradually i in- 
greases as the velocity of the soning is decreased, until it becomes a 


a4 Sal maximum at the moment | of coming to ‘rest, ‘and that the friction of 
. motion and the friction of rest are a “continuous us function.” Other 


“things being equal, it follows | that the value of the co-e co- -efficient is a fune- ia 
tion of the velocity. of rubbing. I see no reason for dispensing with the 
term friction of rest” or friction of quiescence, ” however. The 
: _ has its uses, and there is no objection, so far as I can see, to retain- SN 


ytd M. Bochet, Comptes Rendus, April, 1858; by Professors Ewing and Jenkins, cs 
Britt., Article Friction; and by the writer, Friction and Lubri- 


—— 
— 
— 
i 
— 
— 
= 
— 
Examining Mr. Wellington's conclusions, I find thathehasbeenable 
to confirm very completely a view of the method of variation of friction _ 
with sneed_as the surfaces come to rest. which has think heen : 
q 
j 
— 
4 

— 
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“ing sit, as iti is ‘becoming well understood that the facts cited 
ps4 Mr. Wellington are good foundation for his conclusion. — pee, In fact, there : 
is a true “friction of rest ;” it is the quantity which measures the 
ey ious sion of a heavy body vanes the surface upon which it remains at meh 
=. value can be determined on any one of the many machines known to me, 
I presume, it in all cases represents 8 a limit to to which, under the 
- given conditions, the value of the friction of motion approximates as the a 
velocity of rubbing. decreases, The law of variation of the co-efficient 
can also | be © very exactly determined on any of these machines by ae 
a ing the measure of the co- -eflicient a at. different speeds, d decreasing im vel- 
city down to as near zero as may be convenient, and then plotting tee 
results and ascertaining the nature ‘of the curve 80 obtained. 
2 I am inclined to think that the value obtained by Mr. Ww llington i S24 
nearly ‘correct—certainly for the conditions of his work—than those 
rena obtained by me, and think it more than possible that + bie date interpretation 


ink i 
of the cause of the differences noted is correct. This ‘is a matter that I 
haven never investigated as I would like. 

A difference is pointed out between th the results ‘obtained by] Mr. 
, Tower and by myself. This difference is partly due t to difference in the 

Ma methods ‘adopted, that of Mr. Tower being in some respects different from a 


mi follow, but also to the fact that the figures quoted from my y book repre- 


the system i in common use, Which I endeavored as perfectly a as possible 


sent variations due, not to pressure alone, but to alterations of 
pa ture as well, which latter t changes brought the critical point at which chthe 
journal begins | to get ary probably down to a pressure between on one and 
23 _ two hundred pounds per square in inch. ch, A be A better set of ‘figures : is to >be a's = ue 
. found eb at page 177, and others at pages 173, 17 74 of my “Friction and 2 
think that it will be found that the co-efficient always 
with increase of pressure, and at at low ‘Pressures very rapidly, 
provided that the lubrication is kept ot thoroughly effective, Any change, 


however slight, in other conditions will be found to o make an apparent — 


modification of of the la) law. The quotation from Tower Tepresents ts the fact 


Detter than aan the quotation fr from oma we work. Table I, here given, represents 


dome: years earlier. difference for a a range of pressure froin 100 to 
per inch is there shown n, an d also some effect of 


3 
— 
4 

= 
a 
= 
— 
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© VL ec Maude Ul 5alic Ullal os Was 
the work described at nage 177 of iction and Timbrication.” ahalf _ 
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 PABLE IL 


Ons. 


—— 

(1.) Sperm Oil Pressure on journal, lbs. per. 

Total pressure on journal, Ibs....; 800 | 800| 300 

 |Amount of oil used on journal, m. | 


— 


[Minimum 9,004 | 0.004 


\No. of feet traveled by rubbing) | | 
surface per minute q 2-330 


a |No. of revolutions per minute.... 1000 1000 


per 


Time. 


Minutes. 
-'Tempera- 


ture. 
Minutes. 

Co-efficient 
of Friction 


| Co-efficient 
of Friction 


0.012 
} & | 110 


0.010 


- 
0.006 | 15 | 180 | 018 10 | 110 


-Recorp Tests 0 OF AN ANTAL. 


LaporaTory, DEPARTMENT OF _ ENGINEERING, STEVENS» 


Heavy petroleum, 80 & Pressure on Ibs. per 84. 


Total pressure on on journal, Ibs.. 


Investigation — Amount of oil used on Journal, m. 
To determine effect Average co-efficient of friction 0 0.0147 


of pressure. , 


No. of feet traveled by rating per . 


of te max. Fabr.... 


Minutes. Co-efficient of | Temperature, Co-efficient of 
ae 


Minutes. 


5 0.0383 


0127 
0.0107 


| 


— 
0.0107 
0.0103 


— 
4 
— 
= — free supply, — 4 
— 
— 
— | 
— 
— 
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TABLE IL. 
-Recorp or Tests or Or. 


ECHANICAL LABORATORY, DEPARTMENT 


OF ENGINEERING, STEVENS 7 


Instirure or 


ae) No. of test 

(1) Heavy black|Pressure on journal, Ibs. per .sq. 

petroleum, 


qe 


 (2.) Sperm oil. Total pressure on journal, Ibs...... 


: (3.) Lard oil. _ |Amount of oil used on journal, m. g.| Full and | supply, 
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same differences are seen to be g given it in Table 


Inp passing, it may be remarked that the ¢ curious ‘and important 


pes 


manner, ascribes this phenomenon to the 


action. of fluid friction in a head at the crown of the 
ane by: the conversion of dynamic head, when the flow of the oil with 
the journal ‘surface i is ete by contraction of the channel as the two 


only, in railway work, misapprehends 1 the statement made 


page 205, “ “Friction a and Lubrication,” to which 1 he refers. correct 


istement i is that “the was recently tried, o on of the 


amply to lubrication. The effect was to increase ‘the of cars 


rant 
— 
— 
| 0.005 
explained, at the last meetings of the British and the American 

LA oil in winter. on freiol trains emnlovinge 2 mon to 

could be hauled by each engine enous ten snd to secure 
This statement was not intended to bear upon the assertion that the 
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- axle end flange friction can be neglected. ‘The first statement i isoneof 


fact, and the second is one of deduction, which could only b be cornet 


under the a omumption that conditions of friction 


average train in of journal, 
; above stated was due to the better preservation of journals, the more 
careful selection of lubricants, and the promptness w with which 


‘Tagree with Mr. Wellington perfectly ir in what he has: to say here a 

to the re real value 0 of ‘the: ‘resistance. The load which ¢ an engine can a 


_ 4 at low w speed on a level track is that which it can start from rest. 4 With — 
_ the system of loose >» coupling this is a limit which is far higher than with 
the system of rigid coupling i in use on our  panenger trains. “a p 
iin It is a pleasure to find such accordance as is said to exist betwen the 
a 54 experiments of Mr. Wellington and my own in the determination of ‘the: x, 
effect of variation of temperature. (Of the nature of the general effect 


there i is now, I think, no doubt. i The extent of this variation is subject 
to modification by circumstances, which will probably | bear year further — 


“a ‘Table II contains figures recently obtained, and which may serve to. 

upplement those which I have previously published Adi difference is 
always observed ‘between the f figures obtained during the rise and dur “7 
ing the fall of temperature. is due partly, if not principally and 


and the fact commented ‘Upon t by the wr writer of the 


“4 “paper. ‘The discrepancies thought to exist betw een the e he experiments of 
er 


7 Mr. Tower and those made by me have really 1 no existence. 3 In the fig- — 
ures gene at page 188 of ‘Friction and 


have ‘fallen under 200 pounds. higher ‘speeds this limit rises for 
above that _ The can only b be ‘interpreted 
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possibie, 1am not sure that 1s even then true in general, and am per- 
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—— _ what different rate from the journal surface. The figures taken antes 
oe _— fall of témperature are probably those which are to be adopted, __ 
except in cases in which the temperature has been so high asto affect 
_ the surface of the journal and bearing or to alter the lubricant. 
ages stables also illustrate the reduction of the co-efficient of friction with 4 o 


have learned more definitely what are the effects of such | 


I shall take the earliest opportunity | to study the « details of the paper 
here discussed, ‘and shal shall, I have no doubt, have oces occasion to reassert the 


opinion which I have formed ‘already i in regard to its value, to 
sider t the facts presented as among the most t interesting and valuable 


that have yet t been on this very important subject. In the 


M. Am. Soc. 0. E. ‘Wellington’ apparatus 
ight be so constructed that ‘the con stant weight, 205 pounds, also the 


pplied weights, WW, could be counterpoised, and the thus» 
as to simply that of weighing ‘the statical effect of friction oy, 


if the top brass, B, is designed to represent ‘te brass on a sais = 
axle, and the lower B, one on the opposite end same axle, 


the frictional r results will be a entire axl ub 


can never be taken as absolutely | the equivalent of occurs in prac- 
- tice, for the lubrication of the lowe er brass will always be more perfect 


ee on the upper br brass, also the rocking of the  brasses at high veloci- 
ties will yield different gripping effects, which, deing exerted on one 

the same journal, will render it more liable to heat than it now is in 


daily service, service, with a a single bras brass on the « one journal. 
There ar are very many features and conditions of the railway axle 

journal, tows and aan, which are expressed difficulty i ina 


esults “that 


‘close 9; approximations to those. occur in service, and will, 
doubtless, yield valuable a when revised « and with 


ae 


“portion of peste, nay variety of of ubrication 
D. J. W HITTEMORE, ‘Am. Soc. C. E.—The "experimental 
- results contained in this interesting | paper showing decreased ail. 


teotion under in increased velocity of revolution should receive the earnest 


attention of railway managers, as showing what speed of train, 


economy of journal friction is attained. ; 
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4 i e has 
by his suggestions, as well as by the new information w 
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All motion ¢ generated through appears ‘first. as 


mind, the used by the 1 Ww rriter is ‘admirably 
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aa ‘* Considering time, power, 1 motion cael matter i in the abstract, I think 
it will be conceded that to “produce instant motion throughout all the 


particles of mass, howey er small, requires infinite force. Even elimi- 


through its ts connected not perfectly diffused by by ‘any balancing ar- 
rangement, thence through s shafting - more or less elastic, perhaps through 
Vibrating b belts, and thence to the journal under test, and for th these 


sons my be considered as revolvi ing ‘through the force of almost infinit. 


. esimal shocks ¢ of impact. 4 Motion generated by the agency of the human 
Tevet is is far from un uniform. a action | of the he: heart ‘itself gives impact — 
to stress exerted by y the hand. or hue I am “under the con- 
that the frictional resistance nee from a e of rest to that of in- 4 
motion i is: | by writer. _ Friction motion; a 


series of ‘shocks, as in steam entering the ports of an in engine, transmitted — 


as friction of ‘rest, but I car can conceive e that there i isa resistance to initial 


movement for which the term friction of rest i is not roper. a 


for ascertaining the av erage frictional resistance of journals under vary- 
speeds of revolution, the real object” desired. In fact, it may be 
ae termed = . averaging as well as weighing appliance, the difficulty expe- 


a a ‘rienced in the attempt to v use. spring 1g balances on the first lever being | sO 
fully overcome by passing the successive shocks of motion the 


ith so much to commend in ‘ability 


in conducting these. experiments, it is with reluctance that r 


- feel it jens and | proper to take issue with the writer in the statement, . 
that no theoretical loss whatever exists from the ¢ compression of 


perfectly : elastic substance such as a rail may be assumed to be, a and | tos a 
great extent the entire owen way as a whole under a rolling load.” 


ewe a static load this is true, and this static condition is a ‘ta 4 


tion a its truth, but u under motion of the ro lin g body a and the resulting © : 


frees: brought into p play, it is evident to gee that the e elastic curve i in 
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—_— stance of journal friction in initial and infinitely slow velocity of i “a 
ibe ; ter in contact can be determined with close approximation by the i 
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ance to the rolling body than that in a the rear. 7 


; i the surface of water takes in front and to the rear of sw tly movi 7 


vessels illustrates in an aggregated ‘degree the idea I wish to: convey, 
it is clear to nd that what is called rolling "friction, mis- 


tis, but is of vary ing seid, ‘dependent on and inereasing i in anne ratio 


ratus, we consider, as. does, in that the levers 


up, and | et: then the lowe er brass be it UP SO as to 


a ; “ced him will exist, ‘that is, the sum of t the pressures fro from both brasses 
on the journal w ill be nearly twi ice ce that at coming from the upper brass, 


a Both of these , pressures operate to to cause se friction, = 
eal ‘Supposing all all parts of the machine to be strong enough, it is is evident ne 
“yoke may be set up such a degree of tightness 
: “Drasses v will clasp the journal : so closely as to render it impossible for it 


we this the pressure coming on the upper the pin 


D would be no measure whatever of the journal pressure. Posh aly 


On the other hand, if the lower brass is left slack—does ai ai the 


under side « of the journal (corresponding. to the case of car  journals)—the ; 
total pressure is that coming on the u upper er brass. pe 2% 
a Iti is not stated exactly how Mr. Wellington’s s apparatus was adjusted 
this respect, nor, what he took as his giving th 
- friction, but it appears as though he took the half sum of the } gacvnaee 
this be. 60, in thus ‘considering only half the pressure instead of 
* e ate, as he should, did he not get his co-efficient of friction twice ie 


a) 


AM, Waraanerom, An. - Soc. C. —The possible error suggested 
by Mr. Crosby is ‘no doubt something which might easily occur, only, 7 
fortunately, it did not. It was intended to make this perfectly clear in ) ‘oo 


veral places i in 1 the paper, where the pressure on both brasses i is spoken — 
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of, and notably in the headings to Table I, where both "the ey 
ure and the ‘pressure ad square inch is given in full, requ 


that both Drasses should be considered to make the two o correspond. 
Be computation of leverage is is not affected by the u use of two instead ad of t 


one brass. In may also n note te that Mr. . Crosby’ 8 pengeeation that the he lower 
brass 
 isnota a possible one. “To have the » apparatus openntive at at all, the pres- 
a on the two brasses must be ‘equal, except for the trifling “difference = 
of the dead weight of the ap yparatus, 


Hewry R. Tow NE, M. am. Soe. C. —These experiments 
Obviously | directed chiefly to the determination of questions ‘relating 


pailroad practice, : as are remov ed from general = 


cuss’ 
terest and great that all are interested 
- anything which ¢ contributes to a better understanding of — j 
The most nov el and interesting | point dev eloped by Mr. Wellington ae 


- isin regard 1 to what has heretofore been | designated as the friction of 
; rest, as distinguished f from the friction of motion. Accepting his tests, 


it seems yaaven that there is no discernible difference between te 


friction i in | starting ‘and the friction of very ery slow ‘motion, his tests indi- a: 
_« the same co- efficient w with a given | speed, whether that speed was 


reached bys starting from a state te of rest or slowing down from a more 


motion. fact has direct application many classes ot 


ma ines in which the speeds of shafts are very al slow, as, for in instance, 


in hoisting machines operated by hand. It has been customary 
= to assume a uniform co-efficient of friction for all ordinary speed 


in the use effect of a » given piece val 


= 


bric 


end will meet with ccoptance. 1 ‘Thee curions 
raetid obtained by Mr. Beauchamp Tower in his recent tests have called 


ention to the i mportance of a point heretofore too often looked 


mm as triv ial, viz. : the location and shape of f the oil ways o1 on the. journal. 
experiments both. of Mr. er Mr. ‘Wellington the 
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— Would seem that te 
tests ion in the case of 
ay ne speed of rotation in the cas 
varied with reference to the speed of 
hich any of the revolving parts move 
tat ent that ‘‘the character an com] 
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co- efficient of friction on of 


posible re result, and that, where this is not. possible, pad lubrication 


Excluding these, the various remaining ¥ ways 3 require to 
ing x to the circumstances of each case. Bs The result to a 
be , sought, however, is the ‘same i in all cases, namely, a a lubrication a 
thorough as tc as to insure the floating of the journal ¢ on & file ¢ of oil. Where 
this is thoroughly accomplished the ec -efficient of friction then becomes 


ti of the lubricant rather than that of the two ‘metals forming the i 


‘This latter ter questic is so tant, and w 


we are 
ant facts involved, that 


greatly to be desired that further should be undertaken. 
it the Society ‘could manner assume the conduct of such experi- > 


ments, giving direction to ‘them while in n progress, and tabulating a and Ns 
publishing their results when completed, it would subserve one of the 


most useful ends for which it can exist, and I suggest . that this question 


"should be considered in connection with the discu 


ments by h himeelf and tim am inclined to agree; however, 


“fora a more complete series of experiments to confirm them. ‘The cost of 


ie - making ‘such is ‘not considerable, and would be more than regained, 


a believe, by any of our great railroad companies which might undertake — 


< them, in n the more ) contain knowledge which would be obtained of — 


Performance to be relied 1 upon in locomotives, and of the effect t of ani 


thern an i 
in the n maximum from 10 to 15 tons and of 4 tons in 


the av. average load actually carried, v was not discovered by the ‘Jocomotive 


: P drivers ; | on on the < contrary, much effort being made by the division super- 
: intendents to get | the utmost performance out of their locomotives, the : 
number of cars hauled by outs engine was the same time as 


the loads. ex , with others, and the exp 


— 
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pase tue OL Cars. are quite the dark, as Vel, as what 
— rt __ increase of friction has been caused by raising the loads upon cars from © 2 ee 
— 
— 
— 
— 
‘ —< 


E: 

on JOURNAL FRICTION. 


= 


ing the values of ‘friction is in per ton isa misleading one, because 
the i increase in load has so little effect in increasing the friction. — Mr, 
Tower’ s remark, in the paper before us, “ it almost seemed 
at times as if it was ‘approximately trt true that the absolute loss by: friction — 
Was entirely independent of load,” may be taken to confirm this view, ~~ 
mm one w hich for other reasons deserves the attention of of railrond engineers, = 
experiments of Mr. Dudley with his dynamometer | car confirm 
WwW Vellington’s conclusions as to’ the great importance of of lubrication 
as affecting train ‘Tesistances. mention also, as confirming the 
views of this paper, that his experiments with stock trains “upon pon the 
: va Erie ie Division of the Lake Shore anc and Michigan Southern Railway, where : 
the g grades do ‘not exceed 1 13 feet per mile, showed that the economical : 
speed (so far as the demand upon the power of the locomotive was 
concerned) is sbout 18 mi miles per hour. 
ec considering the ‘resistance of freight trains at “starting,” Mr. 
‘Wellington's | remarks are: in favor of the present freight 


= 


the Tauney bafing would prevent the starting | of long 


om to be santa rted separately. It was once believed that the Miller and 


of sufficient slack for all practical purposes. In ‘Europe there is no 


such thing as a slack coupling on | railway trains. 
a I presume that Mr. W ellington would himself confine the r reductions a 


in grade ¢ at stations, , to whi which he refers, provided the they would add to the a 


id cost of construction, to termini of divisions or other main stopping 
a es places ; for a railw ay which i is completely - equipped for the cheapest c om: F 


= riage of freight will not stop its heavy trains except to change engines. 
i, Ramsbottom’s trough was designed, I believe e, for saving the time of ex: a 


press passenger trains ; ; yet it is much more ‘important to save the cost *2 ‘“ 
of the of freight trains. 7 The of engines 


hd 


4, = additional expense, would also paren into the calet ulation, W when the 


cost of is considered. 


— : 
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a 
— 
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ing the friction, and think, following the generalidea, attachments 
tenting the friction, and think, following the g 


‘the drawn from them, I find agree somewhat with 
clusions which I came to from experiments made with the ae 2 
si I think the initial friction i is too high for r thoroughly lubricated 5 a a 

4 ear journals, as also the friction at speeds of 10 to 15 miles per hou: mee 


have not had time to comps we my figures, but I found, in § substance, that an 


the dynamometer showed o on a level straight track, ata speed of 15: miles 
+ per hour, the total resistance through a distance of 2 to 3 miles was 3.25 Sa 


ton, as calculated din a card w we as made 


of instrumental error for the the be less with such large 
& 
‘The: resistance i in this « case be divided into journal and wheel - 
and flange friction, an and also atmospheric resistance; and | Tam satisfied — 
“that this would bring the journal resistance down to about: 2.5 pounds 


rton with 300 pounds per Square inch of journal su surface. 


_ hope t to fi find leisure to discuss the paper further, with which I am much = 
so far as I ‘have examined it. 


of existing m methods of vot all new rlight 
4 upon | the subject veny valuable. The question is, however, so much om 
of conditions that the value of any ‘new results 
the fidelity and d completeness \ with which the conditions are given as it 
"does the accuracy and | completeness of the recorded results. 
There is already pu published enough partial information completely 
a ‘befog an an already ‘mystified engineer, and it : behooves hi him to examine all all ; 4 
data with care, and to accept that, all the conditions of which 
are e explicitly | stated as as being correct un under such circumstances, 2 and to 7. 
a be skeptical of any general deductions based on existing fabrics of i in- 
studying the question of “friction at low velocities,” and 
expecially of starting or “ initial friction,” Mr. Wellington has done 
well to begin by n making an improved testing machine, and he has em- 
: ployed a form of construction which is better for 1 this ‘purpose than then any 
have before seen. T the pendulum machine of Pr 
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be devised for getting the velocity, pressure and temperature graph- 
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he 8, as ood for low velocities when constant, but to measure the 
= friction at the moments of starting and stopping, which the au uthor 


‘it is per’ etly ‘feasible with Mr. Wellington’ 8 type 
cannot regard as more convenient form of f machine 


high or low, under any given conditions, 


x main point is to have the conditions such that they 

5 so as to be understood, and here I think both these machines are at Fe 
fault for or any valuable scientific work, or for any further use than com- ey 


a ig." pa sons, = cack as tests of olla, etc., because they both require two bear- 


ings to fit the same journal. 


may, perhaps, be safely "assumed that over ninety-nine (99) per 


cent. of the mileage of car journals is made with the journals and bear- 4 t 


ings in 1 good. order, and any one e who has had extended exp experience with © 


_ oil-testing machines, and with railway rolling stock, knows that ‘ good 
order” in service means much better surfaces than can be had or main- 3 
tained by wearing them in a a testing machine where the bearings ¢ are 
frequently removed from the sient and dust has an to é 


It follows “ good order” in service is a much: more 


quite as satisfactory as os from se service in n good 0 wiles, ont 3 
es placed i in the testing machine, with the bearings which had been worn | 


to the journals in in service, and if the results | are to be applied | to t the — 
resistance of railway, trains as now run, the journal box ‘should bei ia 
4 place with its sponging during the test, or an equivalent well be 5 placed 
under the journal to fulfill the same conditions. It may be possible 


remove the axle and use it in Mr. - Wellington’ s machine with both bear 
i ng), and get res ennite which would bes a 


wear two bearings to ‘the came journal, successively, in service, and a 


as satisfactory because 0 
end i in the lubrics tion. 


be Atty 0 per cent. higher than they should be to represent 


— 
a 
= 
= 
— > 
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the conditions of the bearings 
— 


_serviee, being rather difficult to fala 


account int of th the uncertainties of other resistances i rail- 
ee trains besides journal friction, I cannot see that the results of total ‘i 

sentativencss of j journal frictional resistances as ‘determined 0 on this 
: ~ machine ; ; in fact, I have frequently ; found with dynamometer « car a ‘total 
train resistance, in still of f four (4) per | ton with 


Mr. Wellington as as journal frictional resistances alone, as s representing 


average service ; but they may, ‘doubtless, be “readily had w with 


. hundreds of comparative oil tests on a Thurston machine, , each test ' 


: 4 lasting ng for one hour, with hia journal an and a total pr pressure on both 

a e bearings of of 8 680 pounds, an and a a speed equivalent to fifteen (15) miles per : 
hour with thirty- -three (33) inch wheel, with a temperature, of | bearings 


maintained at 100° F., and with two-thirds (3) cu. em. of mineral oil 


_ applied to the journal at the commencement of the test and no addition 


inferior bearing surfaces or states of lubrication. Further, in many 


afterwards, with a narrow trip of canton flannel lamp-wick let into the 
lower bearing to act as a redistributor of oil and to catch the worn par- 


See ticles, we have obtained an an ay erage CO- -efticient of t of friction, for the the hour, 


‘mostly ranging | between 0. 0050 and 0. 0060, equivalent to about one (1) 
~ pound to one and one- quarter r (13) pounds pe per ton resistance. . But then 


a am must be added that the journal is of hardened steel, , which doubtless — 
& reduces the friction, and no care has been spared to make good | bearing 


surfaces ces and to them in order. do n not, however, fit their 


make any direct ‘comparison of ‘such tests 5 with Mr. 


esults, but they offer some e grounds for believing his. 


In regard to starting, or initial friction, I have made ade any ex- 


periments on an oil- -testing machine, as it is not within the: range of 3 
—- machine to do so 80; bat it is well known that starting friction is — 
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this excess in ral service to be dependen many ings, 
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aches as kind of oil, time of rest ond condition of surfaces, ond 

their various combinations; and, in regard to the author’s 8 
from th the tests under the head of ‘‘ initial ond * would o object to his ee 


3a drawing the final conclusion, No. 5, ‘that ‘there is no such phenomenon 


«in journal friction as a friction of rest, in distinction from friction ¢ of 
understand a a force to be that which Produces, or tends to 


q produce, to retard or to change the direction of. motion, and that fri 


tion is a force whose tendency i is sto retard motion under certain circum- 


' a which supports a a . weight: against the action of — and if there 
is no friction of rest I asl ask : what is the force that ‘prevents | a car 


peas starting—by the action of gravity—down a a grade less than 52.8 feet. per 


a ‘mile, since the resistance to rolling o on the rails is 80 o very small ‘oe 


This “ “friction of rest,’ becomes the same as the ‘initial 


friction” at the i ins 

= _ of producing motion to be > acting to to produce it it, and the force of friction 
simply counteracts i it, and no no more, Thee author ‘seems ns to 0 have lost sight 


; lost by so the a author seems to be very far out. ‘The indestructi- 
<n "bility « of matter, the e continuity of motion, and the onttnne of of energy il 


in some form or other, have been sufficiently well established. But here 
we have a proposition ‘amounting to a positive annihilation energy; 


for. “work done against the molecular cohesion of the iron and 


’ or in producing molecular changes in the lubricant, ” would 
sfterwards in some or be It does 1 not appear 


hemselves, unless 


_ more inherent energy, , at the s same temperature, i in the changed state, y 


an they h had before—in fact they have less, in proportion 


done upon them, and an equivalent amount of heat « or other f form of 


energy has appeared in its d. is that a certain | portion 


_ may take the form of elect mall; at least oo : 
en employed very d delicate have discovered no 
electric current. ih regard to pases changes in the lubricant, I can = 


— 
— f 
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“existing, in n which cass case sit is in so so far an improper lubricant. : Further, si 


understand it to be a pretty general principle, and perhaps" universal, 


that chemical changes : are accompanied by the liberation of heat rather Mf 
th by absorption; 80 o that ou seem to be sufficient 


* 


amount of equivalent to Ww in overcoming ng friction 
ar must take ‘the form of in good 


pew 


“Tt ‘seems from the v very” Tower 
“ that only a fraction of the power lost with the lowest co- efficient = 
of friction can ‘reasonably be accounted as converted into heat; 
that, if so, the argument falls the ground proving too 
za > much.” Then follows Mr. Tower’s case, which | is put in such a way 
as to be rather indefinite - meaning and capable 0 of two i“ three con- 
structions, there being ‘no distinction between the ‘number of 


square in inches of bearing surfaces in contact and the number of square Ss 


inches of radiating surface or of metallic section to conduct the heat — * 3 


“away. will, therefore, not attempt to discuss Mr. Tower's ease, but 


bal 


itis to be an equivalent of the we work performed in overcoming the j jour- 


od Ih order that the matter be not ot complicated by grades and curves, i a 
pose a level tangent and a total “resistance: ‘per ton of 6 

pounds, at a speed of 15 miles per hour, s and a train weight above = 
_ journals of 2 2000 tome. ou We will further suppose, what we have reason 

: to believe to be more nessly the c case, that one-half of this resistance 

only is due to journal friction. Taking, then, ‘Mr. Wellington's diam 


a eters of journals: and wheels and his approximate ratios, and assuming 


re will s suppose a 


- a that our 2.000 tons is carried on 800 journals (100 cars), we have on each 


axle (2 journals) a weight of five (5) tons OF 3x 5=15 pounds resistance 
a per axle. As fifteen (15) miles per hour is is equivalent to 1320 feet per 


minute, we have 1 320 15 = 19 800 foot pounds ‘converted into heat tper 


axle per minute, equal to = per er minute; or, as the 


> show that there is no dificulty in 
dispersion in into the air of the heat on the supposition that 
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see no reason for supposing such to take:place, unless the lubricant con- = — 
something which wil tack the iron or brass at the tem 
— 
4 
— 
— 
— 
= 
— 
— 
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“specific heat of iron is about 3 , there i ‘is ‘sufficient heat to raise the aaa RS. 
_ perature 0 of 230 pounds of i iron 1 degree F. per | minute. ae The wheels and 


to say of the box and bearing, will weigh at least, 


6 + minutes to raise the ay ais 


‘ 
i The temperature is, doubtless, raised more at. the journal; but it mast es 
.: remembered that iron is a good conductor of heat, , and that it will be 


__ temperature of the mass 1 degree F., if there i is Do less by Sepenion 


rapidly conducted a way as the temperature of the journal” - rises. 
7 Farther, we have found that the temperature of ial in good win 


immediately a after a long run, is from 15 degrees to 20 degrees F. above Be 


of the air. the time such increase of temperature is reached at 


4 the journal it may easil he understood that the whole mass of 1 ite to 


for dispersing 4 air which it it is rapidly moving, 


Further, unless electric currents generated, or "something 
melted or -volatilized, it seems certain n that an alent of f the 6 


If the surmise i is contest, that Mr. has obtained 
resistance considerably higher than av erage results in servi service, due to oin- 


conditions of. bearin, “surfaces and lubrication, it will, 
g Pp 
ably, apply with espec “especial force to the figures he used under 


of Freight Trains in Starting,” the 


= 
friction at speed. "There i is no 
slack and elasticity i in draft springs a to 
, greater load than it would be otherwise able to do. ‘There i is one very 


essential point, however, which Mr. Wellington does not recognize, at at 
Teast not to to. its | full extent, he has not considered it in determining the 
_ reductions of grade : which “it is believed to be the first thing to be a ee. 


J tended to in laying out a new road or a oving an “old one,” viz., the 


twice the pull at starting | that it 


— 


—— 
— 
— 
— 
— 
a 
a — 
— 
| 
eee 
— 
— 
— 
— 
is’ to see where it will 
The air resistance warms the air directly, and perhaps the cars. The 
a5 - = rolling friction warms the wheels and the rails, thus giving an additional Be: — 
amount of heat for the former to disperse, which they are doubtless 
— | 
— 
1 
— 
— 
— 
— 
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= 


appreciable b pressure, whereas, at the higher speed, the admission 
of steam | must be suppressed early and the exhaust must to 


the maximum pull possible at that. speed. ‘The weight on drivers 
must, of course, be sufficient to enable the engine to exert the maximum az 


AGP, 
_ at starting, and yet there is snot such a material excess of adhesive 


weight for the pull at speed, partly on account of less time for new sur-_ 


faces to interlock, and sometimes largely on account of the variations in 
_ pressure of drivers upon the rails due to the vertical excess of counter-— a 


ms balance. | ih fact, I have known engines to to slip at ‘speed which would 
: exert twice the pull at starting | on an ‘equally good a rail without ‘slippin 


5 it is certainly desirable to make use of this extra | power available in - 


starting trains rather than to make such extensiv e gr rade reductions as 


Mr. Wellington believes should made, especially when 


how many heavy trains run by stations where other trains “stop, 


would be ol obliged to mount the unnecessary 


author has made to the ¢ experiments me or 


generally than Professor 8, is my ‘experiments w vere mostly 


~ conducted with oil bath lubrication, which is probably the most per perfect 
_ possible m method of lubrication, and consequently gives t the lowest possible 
-efficients. The reason for adopting this method ol Inbricstion is 


“he sa: rs that I found d initial friction about as great as “as friction in 
“motion. made no experiments: on initial friction. think that he 


2 must have misunderstood my ste statement that the vals of nemeosing the 


The author i also ) in saying that the superior Tubricat ing 


of sperm | oil does not ‘appear i in the results of my 


: must refer him to Table XT and th the ote underneath Se 
ae must also refer the “author to Table IX to 0 show that the ae of 


—— 
— 
4 gan at a speed of about twenty (2U) miles per hour, due to the fact t eS — 
cclinder full of steam without consi 
= 
— 
— 
= — 

— 
a 
— 
4 
— 
is 
4 
— 
— 
— 
of the journal was for a time to double the normal friction (top 

= 


be be borne i in in mind ‘that ‘hewn was s with ol: bath lubrication, w pes 


‘means a ‘a perfect oil film between the j jour ournal and brass, and it w was as doubt- 


= With: regard to the author’s remarks on my letter to the Engineer, of oa 
a April 4 4th, stating my belief that the co-efficient of friction in practice 


Ss less due to the oil bec becoming more | fluid one less viscous with the higher . 


— 


rf me more 0085 than 085, giving rea reasons for opinion | based 


, ff that heat to th 
off that heat to thes e surrounding 
I should first say that when I expressed that T had in my mind 


8 large engine, such as marine engine, bearings, in which ae a4 


x ie For instance, 250 pounds per square inch cannot poe exceeded 


with n anfety on on a benauenatnn axle, but 1 000 pounds per square inch is not 
uncommon o ona a crank pin; so that Ww when I say ‘that I think the co co- -efficient 


torily under a very much her need load per square inch inch ‘than under . 


of friction is about 3), on the crank-] pin, Ir may 1y quite consistently hold 


— it is very likely ab about id in a railway axl axl | 


a Now, with regard to > the ‘question of the mato of generation on of heat onl ik 


my illustration of the rate of the passage of heat through the sheets of a 
locomotive | fire-box, the author says that I take for granted, 
proof, that all the energy. destroyed by y friction is converted into heat. 
‘ean in only say y that my my warrant for so doing are the celebrated experiments 
of D Dr. | JS oule, which proved t that t energy destroyed by friction, Of no a a 
: "matter what kind or between what materials, was converted into heat at 
i _ the rate of 772 foot pounds p per unit, and upon which the whole modern — 


bi science of > of the thermo- a is founded, and to prove my view to be a 


— 
variation of friction with temperature was a subject of observation. It will 
observed that friction diminished with an increase of temperatura 
— 
| 
— 
— 
— 
— hese are bearings 10 Which te direction the Lorce 18 rapldly a 
sing, and the oil given an opportunity to get between the surfaces 
the duration of the force in one direction is not sufficient to all« 
ie a fee the oil film to be squeezed out. The opinion which I ho | 
t g in _ owing to greater facilities for perfect lubrication, the friction of 2 
under reciprocating force is considerably less than thet unde 
= supported by the fact that it is f 
a 
@ 
— 
— 
— 
— 
E 
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fallacy he must first prove » Joule’s experiments and the thermo- dynamic 


The author holds that my illustration of the rate of the passage of — 


the sheets of locomotive fire-box proves so much too 


only barrier to the p: passage ssage of the heat between the fuel o on one 
the she the sheet, at Say, 8340 an and the ) water on on the o other side, at at say 34 340°, 
want want of of power of conduction ae he metal the sheet, that i is to: aay. 


and that atthe 0 other side tera same as that of the the water, no difference « a 
q temperature being 1 necessary to cause the required « quantity of heat to 


pass from the fuel to the sheet on one side, or from the sheet to the 


water on the other, but the w hole of the | 3.0000 being devoted to 


a i in proportion t to the conductivity of the metal and inv inversely i in in propor: 
tion t to o the thickness | of the 1 plates; that i is to 0 say, that a copper: ‘box woule 
: 


= and one made of }- -inch plates twice as much as one made of }-inch 

plates. We know that this i is not the case. We also ‘thet part 
of the pmetel of the box is ever ata temperature ¢ of 3 000°, or anything “i 


it, from the fact of the metal remaining in a solid state, 


. part 0 of it has ¢ ever been more than 600° or 700°. Thus a difference « of ni 
temperature of about 2 700° has been necessary to cause the to pass 


i from the fuel to the sheet. 4 Supposing this pas passage ,of heat is due only a 


to cause the transmission of the same e quantity of 


om the to the water. We thus have fuel at ‘88 340°, one side 


the sheet at 70 700°, the other side at 358°, and the water a at 3400, _ The dif- le 


— 
— 
— 
— 
| — 
— 
the heal tO pass LHTOURD Some Dall OF copper or 1ron. Vere this 
— 
— 
3 PVADOTALO BDOUL 25 MUCH 45 One per TOOL per | 
— 
— 
n the s are re eason fo elieving that no 
; — 
— 
thor’s figures, showing that the passage of heat between a solid and water 
Nes = is 150 times as quick as that between a solid and air . We have seen that — a —_— 
E A 2700 difference was necessary to cause the transfer of the heat from the © _ 
— 342°, or only about ,y of that on which the author's calculations are based. 
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“feel s eure ure that at they represent tthe state of things much m more nesrly 
the author’ calculation. There i is also the fact, which I pointed out in 


my: letter to the Engineer, t that t each s square inch of bearing i is in metallic: 4 ‘ 


og connection with many square inches of surface in contact with” 


*“y the : air, which facilitates the conduction of the heat to the air. ¥ Butstill a 
with all these deductions, the difficulty i is still sufficiently great to require 


a very low -efficient of friction to explain it. 


4g My own idea is that the trouble caused by ‘the tendency to hei re- a 


4 ferred ‘to by the author was caused only by his working w with an exces- : 


sive co- efficient of friction, or, in nother Ww onds, an insuficient lubrication. 


posed vil account for ual tractive ve force required for 


doubt, the m metal of the wheel tires and rails were perfectly elas- 


fig 
‘rails and tires we wear out, which i is, I think, a proot ‘that some 
of the metal is strained beyond its elastic limit and crushed whenever a 
; wheel rolls over a rail. 7 The imperfect elasticity of the road-bed is also an- a 


ibe 


other cause of resistance. ‘Every time a train passes, the sleepers or cross- 


ties are are pressed down further into the ballast than they rise up 
the e train has passed ; train is against 
slight gradient due to this cause. bad seems to me that it would be 


and desirable to obtain a a separate determination of 
cinder of It would be easy to this by attaching 


‘ere gauge, the eylinder could ber run on & railroad and its rolling re re- 
sistance determined. ed. It would ‘thus be easy to get a load of 5 or 6 


tons, if required, on the eq equivalent « ofa pair of wheels withont : any axle = 
M. Am. Soe. Cc. E.— questions of 


i - are raised in the discussions which have been presented, on which 


desire to add a word further. will, therefore, pass over as briefly 


possible certain points, which are minor merely personal im- 


— 
— 
: 
— 
— — 
— 
— 
— 
— 
— 
= 7 ticity, and also if the rails themselves rested on a perfectly elastic or pe i 
a 
— 
a 
= 
— »™ 


"portance, not affecting ‘the itself {appreciably but simply my 


handling « of it, Mr. Cloud’ 8 interpretation of my my statement that there 


was no such phenomenon in journal friction as a » “friction of rest, 
8 distinet fron om a friction of snction,” into a denial that no friction exists 


between bodies: at rest tending to resist motion, was probably an inad-— 


——-yertence, since it does entire violence to my language i in the immediate 


context "What I did assert was simply that experiment showed that 2 


as o diff ference ‘in the: “nature or or quantity or co- -efficient of 
journal friction at rest or ender very continuous motion, but that 
both were very large as compared with journal friction a at working speeds. 7 


a This fact, and the fact that the stite of lubrication affected the co efi 


vient so slightly at OF speeds was thought t to be new. 


Mr. Cloud also appears urs to have overlooked ‘my that the 
: _ bearings and axles were stated to have been loaned from an oil- il-testing 


Ag 


machine in use on the Lake Shore and Mie higan Southern Railw ay, and 


were “fairly well polished by use up to their a “average condition im 
service and no more.” condition of the bearings was thus not 


doubt, although the e wording of the sentence ‘perhaps ome some- 


what too favorable view of their actual condition. Though the ¢ eye could” * 


4 


detect difference from the fine ne polish of a journal and the 


each other as even an average journal in service. er pate 
= In reference to Mr. Tower's discussion, the need for certain of his 
minor corrections in to the differences between his co- 


Thurston’s, statements in his report as 


ry 


> 


ad in of Mareh 7 7-21 91, 1884, in in past to some 
risapprehensions, both on my part and ¢ on his, of the 1 meaning 


ed. As these differenc ces a ein no W way radical, and pa i 


their cause and the extent to which they are in fact corrections will tS 2 
obvious to those caring to” investigate, more detailed discussion of 


— 
a 
A ean 
— 
— 
the comparative superiority OF sperm OU Over owners, | and the 4 
temperature on friction, may have arisen in part from the fact 
iii 
— 
intended _to be convey 
— 
(or T pounds per ton), had reference to reciprocating bearings of 
marine and other engines rather than to railroad practice, also 4 


ns ven the co-efficient 


friction were based upon 


here ‘described, although the two happened to ‘nearly coincide. I do not not 
understand Mr. Cloud to dispute that that ordinary railroad cars will ‘not 
- start of themselves on a grade of less than 1 per cent. or 20 | pounds per 
4 short ton resistance. . The existence of ‘slack in long freight trains, ena- MGS . 
+ 4 bling the cars to | be started, as it were in detail, is, of course, avery im- — 


portant element in handling them, or the ti trains bend could 


Bees suggestion, offered by Mr. Cloud, that a freight engine has an 


advantage i in starting, which I did not t fully consider, in | that it bas time 
. - enough to use a ‘cylinder full of steam, I do not understand to be an im a 
a portant one, since cylinder pro's is rarely the weak point of a freight — 


engine, but rather on. A well- ‘designed freight engine is 


4 posed to have cylinder power eno 


4 use up its full adhesion), as a matter course, ond it 


That there is any measurable excess of adhesion in starting a train, 


2 over that existing at 15 or 20 miles per hour, and especially any s such 
difference a as ‘ as much starting,” of 


heretofore known the information and 
data now known to me as on record, ‘including 1g notably Capt. Douglas: 
Galton’s and Mr. Geo. Westinghouse’s s exhaustive and elaborate experi- 


ments on brake seem to wend Clond’ 


from .19 to .35, averaging .25. oe But it (the variations) clearly represents simply the adh 
sion between the wheel and the rail, and varies only with this, and not with the speed 

_ Thus at 60 miles per hour, diagram 15, the amount of frictional resistance which check 
"the rotation of the wheels was about 2000 pounds, exhibiting an adhesion of about .191 per 


are so nearly equivalent, it would appear that the effort is much the same at all speeds.” 
_ “The Pennsylvania Railroad Company,” by James Dredge : Aggentts « on Brake Trials 


— difficulty which I found in it. From the use of 
— 
a 
Bou: 
q 
— 
cy 
= 
= 
— & 
— 
tail and wheel ‘eff t of the centrifugal 
” * and as to t ne eltect 
Capt, Galton’s exact of wheels is checked varies, it is true, in 
the point at which the 
at lo miles per Dour, diagram 14, 2 10 po 
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Ww 


hasty indlentes about 180 per 


wheel at 10 ‘miles p per 


10 miles, showed no ‘slipping of | the wheels als whatever. * This test cm 


I think, by far the most careful whieh has been heretofore made and _ 


slip,” Eur locomotives es sat speeds ab ove 60 i, 


miles hour, has been apparently proven, and, perhaps, ‘also in 
engines at such speeds. Mr. Cloud’ extended | experience 


_ great facilities for the » making of accurate p physical tests entitle any as 
— from him him to great respect; yet a statement that he has known” 


- engines i" slip at speed which will ‘exert twice the pull in starting on 


= equally , good rail, without slipping,” is so > difficult to > reconcile = 


myself, found ‘no ) in in so doing on continuous ascents: of 


ib to ‘the more important it question of the e extent to which 


4 “the e energy lost by y friction may take o other forms ‘than an increase « “ 


Mr. ‘Tower ‘and. Mr. Cloud, : as was merely ‘incidentally 
nected with the purpose of my paper, and as te cannot and ‘did not be 


claim to have any original experimental data on the subject to con- 


an elaborate discussion of the question— although feel the 


y 
of aa on will be found in detail in the Railroad Gazette, 1878, 


a en stations on its iii 
the co en stations on i 
4 maximum grade (the only important cane to consider), does not usually 
generate any very serious amount of centrifugal force in the drivers. A q cal 
‘Prot Charles A. Smith, M. Am. Soc. C. E., of the runof afast passenger 
— 
— 
— 
a 
— 
be — 
— 
oe if I might further add, moreover, that the reductions of grade at eile | a 
tions suggested by me were not intended to be made at the cost of an 
= 
§ increase of grade b 
and cannot beneve the aimeuity coud ever 
_ be serious in dealing with the lower elevations to be surmounted east of 4 
— 
— 
if 4 
— 
— | 
— 
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dal 


‘ dissipated i is s by no no m ns as fully ¢ cleared up by the discussions onl 
-—would lead to too long 2 an sn excursion from the subject no now y under a 


cussion. Ishall, therefore, content: myself with suggesting some of the 
"consequences wh which flow from admitti - that all this 3 energy is dis 


pated by r radiation as sensible heat. ‘I feel justified i in protesting, how. 
ever, that a suggestion | that part of this energy may be dissipated in 


chemical or molecular changes i in lubricant « or metallic 


and motion. It must be merely by: inadvertence t that Mr. ‘Towers appears 


to vapor- 


ize foe instance, only 20 p ‘per cent. becomes #0 me measurabl 


‘ Generation of electricity i is another of the possible sources of loss, into 


-_ which I did not attempt t to GO into detail. ‘Mr. Cloud’ ’s discussion seems 
Mies sion seems 


4 to disprove t the existence >of the latter, and it is anak probable that there 


is any perceptible v vaporization of the lubricants. The gradual chemi- 
= cal | change which takes place in a lubricant appears to | be generally 


admitted to a of oxidation, which would liberate more heat 
vather than absorb it; but since every very chemical "process ie 
reversion, I do not understand Mr. Cloud’s” statement to be be entirel 


defensible, “it is a pretty general principle, and, perhaps, unis 


versal, that chemical processes are accompanied by the liberation of 


heat rather than its its absorption.” No Not being a chemist, however, I will 


“iil be noted here, however, as indicating the difficulty 1 which 


ds the subject, that, according to the best existing experiments, 


Gus of M. Peclet,* the rate of transmission of heat through iron from 


a 
water to water, with perfectly clean surfaces, and with efficient circula- 


“tion of water, is 225 H. U. per square foot per hour per inch of metal, for 


each | degree « of difference of temperature i in the water, or 0.13 H. U. per 


‘square inch per hour ; any y dulling « or incrusting of the surface having 


marked - injurious effect. This is considerably over the observed rate 
of of transmission of heat through locomotive fire- boxes, which is s about a 


per paper inch per hour, corresponding to a difference e of 


D. K. Clark's Manual fo for Mechanical neers,” p. 460. 


4» 
— 
— 
— 
— 
— 
— 
— 
— 
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erature of 8 200°, with 1-inch plates, or say 1 1 600° for for inch to 
pats, assuming their for tra transmitting heat to be re- 


rel 
u 
“surface: of the sheets is 


as as suggested by M Mr. Tower hardly seem oes nor is it ‘ob 


tow assume e tha t it is from considerations of i injury to or of 
asa brie iputatio based on the admitted e 


ieney of ‘copper and steel fire- 


f forcible as s appears s at first sight, since well- established and independent — 


experiments show that Copper and iron differ but slightly * in their 
efficiency for transmitting heat in this manner and under these condi- 


As ir ron at 500° F. is some 15 per nger than when. cold, 


Mr. Tower's assumed maximum tem mper erature would I leave the sheets 


re considerably stronger than with no fire i in the fire- box. ae cis 
at 13 poun¢ 

square inches sectional area, with the | common load of 300 per 


square inch of bearing and a train speed of 55 miles per hour, or a jour- 2 
peed of say 500 feet ‘per minute, one-fourth as much heat per rele 


ds per ton journal fric ction, with a 


ach i is generated as passes through & square inch of a locomotive fire- 
box in any given time. This heat, neglecting for moment is 


J conveyed a away by the oil o or r directly radiated from the bearing to the i 
+ side of the journal- box, must alll be conveyed away (1) through a bearing es 
and wedge, or key, of about 24 square inches sectional s area, and 2 inches Pa 


1 


a “thick, o or (2) through an axle of but 18 square inches section. Air is ad- 


mitted to be at least 100 times less effivient than water for "conveying 

away hand, and before the heat has traveled a distance to expose 100 


f, times | as much cooling surface as the heating area of the brass, it must 


: 3 travel an average of at least 5 inches hes through so solid metal. % We have 
_ then, so far as I can see, the following ec conditions : 
A difference between the temperature of the a air and 


ae ‘f side of the locomotive fire- -box of 3 000°, at least, and in the journal.- box fe 


ei only 15° to 2 20°, toy which latter, how ever, something should be added — ‘2 
‘e or the higher temperature of the oil than the bearing surface, say, fol- 


a lowing } Mr. Tower's figures for for water, 18°, the total difference | 
4 ‘then en becomes only rhe part an large. 
's “ Manual,’ P. 461. 


— 
— 
— 
Tower of the almost equal effic 
q 
— 
tions. — 
ii 
ima 
— 
4 
4 
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a 2. We have an average of 5 inches of solid metal in the journal. box, 
4 instead of +i inch in the fire- bor, to 0 pass the heat through before it 
reaches an ‘equally efficient dissipating surface. This alone would ‘reduce 


the] heat transmitted to + » Part. of what passes es through the he fire- box, ex- 


cept for the fact that the available area, of section is increasing as the 
heat p passes farther aw ay from the bearing. | The net difference, conse: 
4 uently, is is no d doubt much les less, say ¢ or bs instead of Ofte fa a 

These two causes together would reduce the quantity of heat trans 
mitted to ‘ ale or 5} Bee part, Ww whereas, a as a matter of fact, we have with fast aq 


and hea heav assenger ‘trains near! one-four rth as | much heat assin awa 
pa ich heat passing away) 


- fire- box. sheets, o or 106 H. U. per square inch f per hour as against 416 H. 
wv. per square | inch per hour. Mr. Cloud’ 8 illustration of a slow freight 
train is eq equiv alent to 63.6 H. v. . per square i inch per per hour. - at 45 miles 
, a hour, instead of 15, it would be three times as grei great. Iti is, of . 
Course, easy to include the whole wheel and axle as radiating surface, 


ce - 80 show | that all the heat can disappear if it once ce reaches it, but it a oo 


peopertodos. 
For the above reasons, it seems to me account for euch 
dissipation of energy without assuming that a portion of it it 
does not take the form of sensible heat, or that the a average e co-efficient of : 
Pies is 8 very much lower than than generally supposed, perhaps under 1 a 


The general approval expressed of the design of the apparatus con 
‘firms my belief that it possesses’ special _ advantages for solution of a 


number important and still unsettled questions. -Auchincloss 


" Po a counterpoise, t thus reducing the pressure on the two ‘ramen to to ab- 
= solute  equali ty, isa good one. It t could hardly be a counterpoise in the 
y sense, but an adjustable spring balance, we weighted cord pass: 


a strong blast of air, ir, preferably of compressed air, , which would 


low temperature by expansion. With ‘these conveniences, 
and the application of an ice trough the middle of the 


— 
— a 
— 
— 
— 
— 
a 
— 
— 
— 
— 
movement equal to the weight of the apparatus, would accomplish the 
end. The disadvantage of using two brasses to a bearing is undoubted, 
can, and should be, in part done away with by facilities to throw upon 
— 
any desired temperature might probably obtained and maintained. 


; n each end of the brass. be a 
can whe) no rocking ¢ of 1 as one gentleman has suggested, nor 


each end of the br a 

any motion whatever of any part. of the ‘apparatus while in use, except 

4 


‘the axle itself - complete oil bath for both bearings is easily arranged cc 


As respects thi the proportion ofr rolling friction ‘Proper, between rail 


= wheel, I apprehend that I may have estimated it too small, as ) Me. 
Cloud suggests, and that it ms may in reality be 1 or 2 ‘pounds p per er ton, « or , 
even more. . While hesitating to differ from | our respected President, 
am unable to see how any theoretical Joss of energy whatever can arise ; 
the elastic yielding of the | track, r returning as it does sensibly to the 
“same place, slight loss as appears to actually exist is easily 
accounted for by the loss from. attrition, ‘gradual erushing of the ties, 
‘and gra gradual displacement of the ballast. The plan for directly testing br 
friction, by Mr. Tower, by using a ‘solid cylinder of 


iron provided tires, also occurred to myself and might 
= work ve very well if a pair ‘were connected | together by a an n ordinary truck | 


-* frame, but otherwise would hardly d do, asa single pair 0} of wheels will not" 
2 work at all well c on track on account of its tendency t 


in this way y by bearings, the co- -efficient friction is so 


a gated, by a » committee of this ‘Society or otherwise, as Messrs. ‘Towne, 
a Paine and Wilder have suggested. The usual al difficulty wi will 1 probably 


4 prevent, that those who could and would do it cannot command the apnea ie 


or incur the expense. Thea apparatus | here can be 80 


: fitted up in any shop as to be peculiarly well a 
q purpose, and may y perhaps lead some one eto. attempt a, For | making . = 
q them, in addition to what has been 


L 


_ 1 The axles and brasses to be ex ‘experimented ‘on should be drawn — 
from actual service, after fitting a pair of of bearings to each journal, so me oa 
to be known to | be as perfectly fitted as in actual service, Different — 
qualities might well be used on different journals, 
Shag The Platform s scale should be fitted with ith automatic movement fo for 


4 
the poise, such as bas be furnished by several makers, ¢ connected, ‘prefer- 
™ a record Paper moved by. clock-w ork. The ‘velocity of rotation 


4 
Ty 
7 
— 
— 
q It would be fortunate if some of thestill unsettledand possibly highly #8  __!! 
— 
3 
— 
— 
— 
4 
y determined in advance for each speed of the jathe 
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careful by the use use of ice and ‘compressed air 


over come ne with the the low power of the epeed ge gearing, the belt 


ping ‘instead ‘and cs causing annoyance. 4 
addition to or the pretty wide Tange of 


‘be modified i in service by more complete 1 lubrication, app approaching a as 


4 closely as as | might be to a bath of oil, and especially the effect of tempera- 
ture on co-efficient friction. ‘There is is little doubt, think— 


é 


although I will n not assert it ely, havi ring simply the re remembrance 


- guide m me—that the ‘difference between the ‘temperature of the outside 
a and a journal bearing i in good order i in n regular service is very much ae | 


greater, perhaps s several times greater, i in winter than i in summer. If so, 


; of about 0° F., note even ven dynamometer t tests of trains: in _ service, that tem- 
perature not being a favorite one choose for experimenting. Moreover, 
+4 it is, I believe, ‘a fact that the bearings of fast passenger trains are not a ; 


} EAS found to be much, if any, hotter at the end of a run than . freight trains 
ats ale t the speed. ‘This fact, in in ‘80 far as it is precisely true, would = 


require that the amount of heat radiated should vary precisely as the 
_ speed, a conclusion which, if established, has a possible bearing of im- or 


i portance on the probable | loss by ri radiation from fast passenger ‘engines. a ; 
A fact tending | to prove | that the co- efficient of journal friction 


very ry much higher in winter than summer, is the enormo 


@oall consumption per Gain mile, and atte on per car in winter 
bs e. and i in summer. A large body « of statistic cs O ible subject, which I hoy 


shortly: to in shape for pub 


Facilities for momentarily relieving the bearings from pressure 
| 
j 
— 
e the last to claim were adequate to settle them positively—- 
4 = important subjects for tests would be the extent to which friction mj 
— 
— — 
accordance with this difference of temperature, a possibility which, 
— 
— 
— 
— 
d 
— 
— 
— 
| 
— 
— 
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that the fuel burned per sails mile varies at the rate of howt: two 2 


“per + cent. per 1‘ 1° F. F. of outside temperature, the difference per train in 


being sc somewh t at 1 ess. a Th hat i is to say, months i in which the average te tem- 


perature » differs say 20° o or 30° will show a difference of about 40 or 60 


- per cent cent. in the coal burned per « car ar mile, the coal per train mile mile being © 
a percentage lees, but both following with curious accuracy the monthly : 


“fluctuations i in average temperature. No. difference in average velocity 
of the wind exists tending to account for this, : nor does the difference i in 
_ radiation seem fully adequate fo for, so very large a difference. If it be in 7 


part due to mach greater jour journal friction at low a 


but, after carefully it t occurred to me that writer 


has not taken into account all the elements of resistance in considering — A 


_ the power needed to start a car in motion. | It would appear necessary to 


employ more ‘power than is simply needed to overcome the the journal fric- < 


The m measuring this f tiation, therefore, by the total power required 
“to start a train would appear to give a too great frictional co-efficient. 


When at rest, the axle may be considered as receiving the > weight of t the — 


= 


The o circle | in the | sketch represents" the inner surface face of box, “a 
a and the inner inner circle th the axle > (exaggerated). © When the tension on the ae 


draw bar equals hee amount to overcome the friction, the ) position wrt: 


— 
— 
2 & — 
| 
upon its highest point, as at A in acc i — 
— 
a 
— 
— 
— 
— 


DISCUSSION ON. 
“equilibrium before motion of the axle and box = will be on 
which stands to A O at the. angle of friction. 


as When motion takes place, the position of equilibrium on be on line 


—— double the angle < of friction from A 0. pa The whole car would ‘be oe 


an amount due to this amount of motion. 
iy So, in addition to the actual friction, the power to start a car must 

be sufficient to lift: the | load the requisite height. 


ago, while examining a bridge, a train standing o on 


a sudden blow upon t upon the ‘bridge eand tried the structure 
erely. The only reasonable explanation s seemed to be the idea above 
"< _ expressed, that each car had had to be | lifted a certain amount amount, and the | reac-" 


aoe Every o one has noticed the backward motion of a car after it has come 
wan a stop. cannot be explained by any rebound from its position in 
All, for ‘it is equally true of of a single car making a flying sw switch—as it ; 


Be mit loses its motion it comes 2 to a! a stop, », and then will roll backwards a little. 


I have seen had others observe the peculiar of 


wagon mn wheel seems to point to > the same fact, that the we weight has been 


frieti 


E. Emery, M. C. E. —What ‘be the effect, 
supposing th the boxes did fit the = 


Mr. THEODORE —The journals do fit it perfectly. . Would 


E. —That b begging the question. St 
the journal ‘did fit ordinarily | tight, would the car lift under ‘such | cir- 

‘THEODORE CoorEr. —It would tend to lift. 

1 

Mr. E. Emery.—It could not lift under s circumstance 


= The journal practically fits through an are of 45 to 60 degrees; | but 


i a ‘no such action can take y place, for the box, if it slides around the axle at = 


2 
— — 
— 
— 
—— 
— 
— 
— 
— 
— 
— 
— 
ms _ usually occurring when the wheel passes from the rough ground on toa 
a slippery layer of snow. 
Wha rolling hack of the car and the hackward movement of the 
— 
— 
= 
it fits for only ZU degrees (or for any angie greater than that of friction) 
— 
— 
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: ll will simply turn on the centre of its arc of contact, which is the 


centre of the axle, , and no lifting will result from that caus 
referred we have all seen, bat it is to be ‘referred to a 


the ‘bearing pin, throws a little more on the forward 
THEODORE Coors. —How do you m mean that the car lifts 
Cuan.es E. _Emery.— say in stopping, the | car 


the body, i is ‘the trucks where the resistance is applied, 120, 
_ ‘slackening: speed just b before the actual stop, there is a pitching forwar rd 


of the body of the car that throws more weight on the front springs of #4 
> the trucks than on the rear ones, which produces ¢ a rebound when the 
— 


Mr. ppose the on car was springs 
YORE 


Cuanues E. —The frame the car itself is elastic enough 


above the centre the wheels, , and i is in and 
hen the car comes to a state of rest the elasticity throws it back, = 


A. M. WELLINGTON, M. Am. Soe. C. E.—I think the phenomenon of — 
the sudden jerk at the instant “ sopping: is due toa different cause 


from: that suggested by either Mr. Cooper or or Mr. ‘Emery, v viz., , the brief 


lusively that the co- efficient of friction was, as, for that instant, several 


times (five to eight times, if my recollection serves) greater | ‘than the 


_ normal, following in that respect very exactly the e general law of wf friction 
s - which: the experiments detailed in this paper indicate for journal friction. 


No doubt it is in each case due, not to the mere fact of stopping of ee ag 

starting, but to the slow velocity. iif the ‘same e velocity contin continued, the 
same high co- -efficient would probably continue indefinitely. 


this explains p perfectly phenomena to. car 


43 
— 
— 
— 
4 
— 
— 
— 
— 
instant before coming to rest. The beake experiments of — 
— 
| — 
— 
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coming: from ‘the truck. While this force uniform the 


moves ‘smoothly, but at the v very instant of stopping the s 
_ sugmentation on of break e energy is is so great that it is hardly an n exaggera- 


to thet the effect is much the as the car ran at that 


reason that 3 


saves 


"passengers standing in the of cars coming a stop stand ve 


comfortably intil the last instant, when the | stop is consummated, 
: % they almost i inva ariably lose their balance more or less. 8. Their bodies sare 4 
adjusted to an n angle corresponding the resultant of gravity and the 
normal re retarding fo force. ‘The sudden augmentation of the latter disturbs 
Mr. A. M .—It appears to me that it does perfectly. 


a is a slig ght elastic rebound, the same in its nature as if from a fixed | butfer, 


rs at all, which is not alw sage 


e time it brought out. 


to 
pressure on the springs in front that might ‘the ‘Springs behind 


_ When you stop, you right this, an and ‘the « car ‘coming to an equilibrium ; 


‘produces what might b be called a backward reaction. 


Mr. Am. . Soc. E.—Iti is vundoubte 
stated by Mr. Emery, that a decided tendency to rotation about the for- 
ward | truck of a car is always developed in coming toa stop, ' which 


would partly explain the motion noticed by ‘Mr. Cooper, and i is 


¥ to explain the shock toa a bridge from the starting of a long. coal train; 
_ the downward component of the force in a short car would be much ag ; 
greater than i in a long one. Mr. Wellington’ statement also as to ‘the 


‘rapid increase in the « co- efficient of friction as 


| the rotation n of the car-body the rebound 


from state of high tensio , seem sufficient to explain he 


= 
| 
q 
—It would sem 
machine illustrates an idea I thought x x | é 
— 
— 
— | 
— # 
= 
how isit taken up? It can on 
= y the elasticity of the rods, which, 
of the rods — 
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for obvious reasons; but I think that cs: 
vious reasons; but 


very small at best (about 0° 35’ for 20 
do not think the true explanation 


— 


— 
phenomenon occurs aft the o — 
= with ane question and has no real connection 
suggestion of a lifting of the car is undoubtedly 
ey cover, and the angle of friction even in starting 
pounds per ton resistance), that T 
— mia 
| 


INSTITUTED 1862, 


dis 
TRAN SACTIONS 
is not ‘Tesponsible, asa body, for the facts and advanced ina 


“int 
Reap JaNvary 1885, 


dire rect relation to i market p price, and depends not only u upon the 
intrinsic qualities of the unguent itself, bat ‘upon | the > economical con- 
{ioe ede it is to o be used. Iti is dependent to a greater extent 3 
pon the magnitude and cost of of power that than =e the expense o 


purchase or pooperation | for use by the ¢ consumer. re The correct me ia 


of comparing prices, from ‘the t user's standpoint, i is not one involving 


a a merely a determination of the properti ies of the material as a reducer o of 
es endurance and its power of reducing lost work ; 5 it includes a sa study Py 


‘the method by which it the total expenses es of Jessening friction, 


° friction, and the true value of the oil i is not simply proportional to its” a 4 . 


— 
ENGINEERS 
— 
— 
— 
tm 
@ 
— 
— 
4 
j = = = x a 
entirely wrong, and are only justifiable by the fact that hitherto 
ec = been impracticable to obtain the data required for the establishment | 
P q 


a correct m method. This no exists, and d every i intelli- 
nt purchaser of. lubricants is coming g to see that he may ‘often effect 
‘enormous economies by the careful. study of the variation o of the total : 


fe 


The total cost of the lost work in a machinery two 
-items—the cost of lubricant, and the cost of doing the work of overcoming 


- friction of the lubricated surfaces. - Of these, the latter i is 5 usually enor- 
, mousy ¢ the greater, a and it is at once seen that 8 saving in 2 cost of lubri- 

“cant is of slight importance in comparison with a saving of equal pro 


.; portion in the reduction of ft the cost ¢ of the power demanded to mre 
friction, and which is his thus wasted. a Ad dollar expended i in 1 the substitu 


oe tion of good oil for one of lower grade m may save a hundred by anaes 74 


Sed the waste of fuel land other expenses of power- production. s _ Such ex- 


include fuel, s salaries, intevest on capital i invested i in motive power, 


taxes and insurance on the driving machinery, boilers ‘and building, 
and other and minor costs, which every proprietor can readily estimate 


“with fairly accurate figures, if not ‘perfect satisfaction himself 


under more nove favorable conditions. Water-power often ‘costs consid- 


10ugh the cost of dams, reservoirs and machinery is 


a If, in any on we call the t total | expense per hour K,t 


~ lubricant c on the journal k, the quantity ‘used q the total ‘cost of power 
_ per horse-power per hour k’, , and the amount of power used in overcor 


‘ing friction of staal surfaces: U, the total expense nee: to 


The work in friction U, is 
4 a "pressure on the lubricated “surfaces P, to of relative motion 


ofrubbing surfaces V, to the the time ta taken comparison and to the 


‘magnitude of the co-efficient of friction we may write 
1 kq+ 


— 
| 
— 
— 
— 
@ 
= 
— 
_—s Phe Wotal cost oF steam-power thus loots Up about per 
— 
| 
— 
4 — 
— 
ne any given calculation of the cost of friction 4 


weet two oils are to be e compared, to determine the ® economy t y to be te, 
oe by the substitution n of the one for the o other, the values of q and ne 
and the cost per gallon, k k, of each will be known, ¢ and the 
of K ‘thus obtained will the relative economy of their use, 4 


of indifference which is used; 3 


es “if ae is greater er in one ease case than in the other, ww oil is the more eco. a 


chasing of the second oil is just ‘compensated by ‘the loss. 


rad demand for power to overcome the increased friction, and 


J 


ALY: 

price for the s 


gives a profit ; any greater price “This last equation is is 
thus a criterion by which | to determine whet 2s be for 


oil be su ‘substit 


Where the relative endurance, and the values: of the co-effi- 


cient of friction, are determined by experiments made under the e con- 
of use, if e e and h represent | the two ratios, since 


this becomes the n of va 


— 
— | 
— 
a 
3 
itm 
— 
— quantity of a certai 
ity allowable wtthont less is = 


"THURSTON oN REAL VALUE OF LUBRICANTS. 
a Inste aa of taking the time as one hour and the unit of power as sthe a 


horse power, it may be convenient to adopt other units. Thus, on rail- 
roads t the costs are measured by the | _ re oil and of power 


miljand 


4 
in which qis ‘the used fis the 


power for for the same distance. Also, as a criterion, 


= 


(1.) The proprietor of a a shop me that he finds’ 


e total expense of power to be nearly $100 per horse- "power per ane 
of which power one- half is estimated to be expended in doing work 


wasted in friction; that he uses 0.02 gallon per hour of good lubricants, ae 


costing an average of $0.50 per gallon. ‘The mean co- -efficient of friction 
is judged to be about 0. 05. ‘The value of b (eq. 2 
er, or or 30 for 50 horse-; -power; 
| Bappose it be proposed { to substitute for the oil in use one which 
cost 25 5 per gallon, and of which 0. 03 is required pe snd 


=0. 0075 + 1.80 —$1.803, 


$900 per year, a a net loss of 


(2) A cotton mill, using 200 horse- “power, in work of soe, 2 ret 


A 


$ 
trietion of lubricated surfaces, uses 0 7 7 gallon, of oil, per hour, at $0. 70 


cient of frickion will rise fom an average of 0. 10 


=0. 49 + 12.00 = $12. 49; 
gain in oil | to 9 cents ts per hour, or $270 per 


year, produces a a loss i in cost of po i pome er of $2. 40° per hour, o or $7 200 per 


| 


a 
— 
— 
In illustration of the applicat| 
— 
4 — 
— 

(| 
a — 
— 
— 


THU RSTON ON REAL VALUE) OF 


assuming 000 hours per The net loss is $6 930, 


e., nearly 30 tines the profit on the oil This is not q 


or an extraordinar case, matters are now now going on in the busi- 
railroad train. requires 1 cent’s worth ‘of oil per ‘mile, and 


costs 10 cents per mile for power expended in in friction, using a good oi oil, 


costing 50 cents per at the of 0. 02 gallon ‘per mile, witha 
mean co-efficient of friction of 1 per cent. . It is proposed to change, 
an oil 25 cents, at the rate of 0. 08 


“oil brings about loss of 4 cents—sixteen times as much—in 


Using the equations given as criteria of values (eq. 4, 6, 9), we find 
the estimated value of ke to be, in n the three ‘cases given, respectively : Me. ‘9 
— $19, — $2, and + 16} cents, nearly, for the cases as taken. That is tosay: 
the proprietor of the machine shop will lose $19, nearly, on on every gallon a 


Es @ of the e proposed a that he , may use ; the owners of the cotton-mill will. 4 


lose about $2. on every gallon of of t the inferior oil that they may 
chase ; while the railroad will lose ‘money, unless get the second 


suppose, in in illustration, hat is found nnd pone, by i in- 


“cheaper oil oil as was, at first, thought advisable. Applying our | our criterion 


to this cas case, We g (ea. 4): 
= 008 + 0.60 = $0.68; 


— correet to as silustrations of the | involved, 


a 

— 6.014010=8011; 

— 
— = 
q 

— 
— 
— 
It must not be assumed that thes enact vealuce of 
— —— it is difficult to obtain exact values | 
to fact; for it is difficult to 
— 
— 
— 
— — 


BAL ‘VALUE. OF CANTS. 


are near enough to the truth fair idea of magnitude of 


representative of those found in common practice. “The: experiments 


made by the writer show that, under ordinary conditions of e every- 
the for mechanism sm working under as light pressures 


ith in spinning Smee, for example, different oils will give 


values varying from 0.10 to 0. 25; ‘under the usual pressures of 


il mill- shafting, the figures range from 0.5 to 0.10 0; with pressures of ft greater — io 


intensity, , such as are met in the | steam engine and wiles railroad axle 


; 4 bearings, it often varies, using « different lubricants, from about 0.01 up to 
, * 025, t the first value being given| by the best oils and the second by hea heavy 


greases. ‘Under the exceptionally high pressures ond at ‘the speed of 
rubbing reached on the crank-} pins of: some | steam. am-engines (500 to 1 000 i 


pounds per square 35 to 70 ) kgs. per 8q. cm. fmay f fall to one-half 
_. the last given values. In endurance, the same e variations are met gon 


The endurance decreases as pressures increase, and i is twice as great with ve 


the best oils as with others of good reputation. The market prices: of 


oils have no ) relation to! these relations of quality. ty. The best oils for any 
given purpose may t be either more costly or cheaper than others less well ce 


3 fitted d for the the work. _ In some cases prices are made in the most arbitrary : 


"manner. * .. Sperm, lard, olive, and some few. standard grades of mineral cs 


“S 4 oils s probably have fair and well-settled values ; as a rule, however, the 


cents per gallon, gave it a trade name and sold it, ne eR at $1.25. ates It was worth that 
amount, however, if compared with other oils in the market = may have cost the 


— 
a 
system of false economy now generally practiced in the purchase of 4 
— 
— 
iii 
— 
@ — 
— 
a 
| 
— 
— 
— 
 & gXwh 
— 
= — 
gx 
= will endeavor to develop this subject more completely. 4 
— 
— 
—. 
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